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INTRODUCTION

The Enewetak people were relocated to Ujelang Atoll in 1948 so

that the United States could conduct part of its nuclear testing program

at Enewetak Atoll. In 1972, at the request of the Enewetak Council, the

U.S. Government began the process of returning EnewetaliAtoll to the

Enewetak people. A part of the U.S. Government’s responsibility was to.

determine the radiologic.ztlstatus of the atoll and to estimate the radio-

logical doses as a consequence of rese~tlenent. Therefore, a

preliminary survey

1973. The results

published in late

The general

trial food chain p

was conducted fro~ October 1972 through Februzry 7,

of this survey and the associated assessment were

973.1

conclusions froz that survey were: (1) the terres-

esented the greatest source of potential dose to a

returning population, (2) 137CS and 90Sr were tl!emost significant

radionuclides over the next few decades, (3) living patterns involvin~,

the northern

would exceed

presented no

half of the atoll would result in radiation exposure thzt

I.!.s.Federal Guidelines--the soutl,ernhalf of the atoll

prcblem for either residence or agriculture, and (4) the

transuranic isotopes presented a lon~ terc source of exposure in the

northern and eastern regions of tileatoll.

Since that initial radiological survey ~ore data were accumulated

concerning the concentration and uptake of the rac!ionuclidesinto the

terrestrial and marine food chains. In addition, new d.stawere

developed for external gamna exposures and soil radionuclide

-1-

—. .
-1
50W180



1’
.:. . 1

i
concentrations subsequent to those cleanup efforts directed toward scrap

_/” ; ‘“:, ;

removal and soil removal from areas of highest transuranic soil

concentrations begun in 1977.

The purpose of this report, as a result of now having more data

available, is to refine the dose predictions for alternate living

patterns proposed for the resettlement of Enewetak Atoll.

For many reasons;the time frame for developing the assessment of
.

the alternate living patterns based on all of these new data were quite

short. Initial requests for the assessment by May 1979 were impossible

to meet because time to collec: and analyze the samples and evaluate the

data exceeded the time allotted. Extension to July 1979, ❑ade a new

assessment possible but required sone compromises to meet the deadline.

For example, the progr.2ns to develop better concentration and

uptake data in subsistcr,cefoods were began on Enevetak Atoll in August

1975 and onBikini Atoll in August 1977. Samples from these projects

which involved plantir,gand harvesting the subsistence food crops, have

only beconc a~’ailablein the past year and a half, and the data b=se fox

each subsistence crop is not as conplete as it wiil be within the next

year or two. Studies of ti,ertziine environment and ground Later hzv~

been continuing since 1974,

The program to deter~inc tljeconcentration of 137Cs and ?~sr

in the soil and the external gz%a exposure was begun in February ]979,

at the conclusion of the cleanup activities at the atoll. Starting in

February 1975, soil samples were collected in a 50-m grid on all of the

northern islands at Enewetak Atoll. ~o~.everbecause of time and budget

restrictions, only sanples on a 100-m grid u’ereanalyzed for 90Sr and

-2-
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137cs; these samples form the basis for evaluating the terrestrial ~-j’k,y,~,

“ J..J

food chain. We would prefer that the entire potential data base were

available, but as a result of the time constraints we are basing the

assessment on the 100-m grid data. We are currently evaluating the data

on ‘thedistribution and ranges of the soil radionuclide concentration for

each of the islands to determine whether analysis of the other samples

will be necessary. .:
.

In addition, only external ga~.z data are available for the

islands in the northwest quadrant of the atoll, i.e., Bol;oluo(Alice),

Bokarnbako(Belle), Kiruna (Clara), Louj (Daisy), Bokinwotne (Edna), and

Boken (Irene) and Runit (Yvonne) Island on the eastern side of the atoll

(Fig. 1). Soil samples ere now being analyzed for these islands, but

evaluating the data and subsequent assessments will be done later,

However, these islands are not included as residence or agriculture

is”landsin any of the resettlement options described in the

rehabilitation plans.

Data cre still ui-i~~!zilablcfor the 241Pu concentr~tion in the

soil on the islands, h’c, therefore! used 241Pu soil daLa collected in

our test plot on Enjebi (Jznet) Island to deternine tl~e“grow-in” Of

241Amj the daugl]terproduct of 241PU. k’eextrapolated the observed

241Pu/241Am ratio fron En-jcbi(JancL) Island to the rest of the

islands at the atoll to develop an initial evaluation of the.impact of

241h ,,grow_in,,from 241Pu. However, ~’eknow the ratio will vary at

the atoll and this analysis only serves to indicate the relative

241Pu in tl]cdose assessment.magnitude of

In addition there has been insufficient time to adequately evalu-

ate the diet survey and to develop an evaluation of the distribution and

uncertainty of the final dose estimates.
-3-
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DATA BASES

The exposure pathways for persons resettling Enewetak Atoll con-

sist of two major categories: (1) external exposure and (2) internal

exposure.

The specific pathxays in each of these categories are:

(1) External Exp&sure

a. Natural background

b. Man-made gzrzzaand beta

(2) Internal Exposure

a. Radionuclicies in terrestrial foods

b. Rsdionuclides in marine foods

c, Radionuclides in drinking water

d. Radionuclides inholed

The natural background at the atoll is 3.5 r per hour and

results primarily from cosmic radiation. The natural background is not

included in the doses presented in this paper.

External Exposure - In Situ lieasurements——

External exposure rates for ‘37CS and 60C0, as well as the

surface (O to 3 Crfl)concentration values for 241An, were obtained from

in situ measurements performed by EG&G, Inc., as part of the Encwetak——

Cleanup Project and can be found in Reference 2. A draft copy of the

detailed description of the systems and procedures em~loyed in the in—

situ measurements is included with this report (Appendix A). Tl]ese

measurements were obtained utilizing a planar, high purity, germanium

-4-
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(HPGe) detector having a surface area of 19 cmz and a thickness of J~~~J~” ~

1.6 cm. The detector was suspended from a retractable pneumatic boom

740 cm above ground. The boon was mounted to the rear of the Thiokol

IMP - a small, lightweight, tracked vehicle--modified and equipped to be

a fully self-contained, mobile, data-acquisition and reduction system.

Quantitative data can be obtained from in situ measurement by.—

combining a theoretical calculation of the flux at the detector as a
;

function of source and so;rce distribu~ioc with an experimental cali-

bration of the detector response to a given incident flux, The un-

scattered flux of &a=& rays of energy E at a height h a’oo\lea smooth

air-ground interface resultinS from 29 emitter distributed in the soii

(Fig. 2) is given by:

where

s
v

= the source activity per unit YOIW.? (ph~tons), and

Cn sec

u ,“.

a! s = the air and soil tctal lificarattenu=cion

coefficients (cn-l).

This expression zssuzes a source distribution that varies onlj’witl~

depth. For fallout activity the distribution after a period of ti~e car?

be reasonably approximated by an exponcntizl distribution given by

(2)

-5-
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where

so = the activity per unit volume at the surface

.()

photons
v 3’

and
cm sec

a = the reciprocal of the relaxation length (cm-l).

The detector respsmse to a given flux of gamma rays of energy E,
.

incident at an angle , can be given in terms of an effecti~’edetector

area, A, defined by

N
A=#-. (3)

The effective area, irlgeneral, varies as a function of the gar~na

ray angle of incidence and is normally \_rittcnas

A = AOR(?), (4)

where

A. = the detector photopeab.-count-ratefor a unit flux incident

perpendicular to t}]edetector face

(y/c~p:sec)l an’

R(C) = the ratio of t~ledetector response at an angle to that

at O = 00.

Both Ao and R(2) are determined experimentally as a function of

energy; calibrated reference sources are used with the detector mounted

in its standard field configuration.

-6-
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If Eqsm
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1, 2, and 4 are combined into the form of Eq. 3, a rela-

tionship between the net photopeak count rate and the source activity

within the soil will result. In addition, if the appropriate detector

calibration results are inserted with the appropriate parameters for a

given source distribution and the required numerical integration is

performed, the desired conversion factor is produced. The conversion

factor, S~/Np, as deterwlned above is in units of
T/c~3-sec

For a
Cps “

specific radionuclide the results can also be given in terms of total

activity per unit area, ‘z‘
using

(5)

o

Another useful conversion factor relates the net photopeak count

rate to the average concentration in a given layer of soil. The averzge

concentration per unit VOIUCICin the top z centimeters, Svz, is given by

o

so
=: (I-e-”)

-7-
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Once the conversion factor relating the net photopeak counts, L“ :“.” -.”,,.. .... .;I .

tip,to the activity per unit volume at the surface, S:, is obtained for a

source distribution, Eqs. 5 and 6 can be

spending conversion factor for the total

for the average activity per unit volume

used to arrive at the corre-

activity per unit area SA, and

Sz
in the top Z centimeters, .

?
By dividing the SL by the soil density, in g per cm=, the results can be

expressed in units of activity per unit mass..-
.

137CS obtained for theTable 1 shows the conversion factors for

Enewetak system for several different depth distributions. Also shohm

in the last column are the corresponding conversion factors for total

external exposure rate, in R/h, at the’1 meter level. These results

were obtained directly from the total activity per unit aree con~~ersion

factors using data given by Beck, et al.3~4

Various assumptions must be made to derive these conversion

factors.1~3 The most significant assumption is made for the depth

distribution. In general, it is very desirable to perform field meas-

urements to establish the source distribution with deptil,and thus, also

allow for a direct measurement of the soil density. In a situation

where the depth distribution varies significaritlyfrom point to point

within a given area, as on many islands at Enewetak, it is necessary to

obtain, or assume, an average depth distribution. For the northern

islands at Enewetak, previous data (1) indicate that the average depth

distribution for 137CS has a relaxation length on the order of 10 to

15 cm. In using the data given in Table 1, a reasonable first approac”n

would be to take the average of the values given for a 10 cm and for a

15 cm relaxation length. F[oreprecise data can be obtained for any

given area if the depth distribution is better known.

-8-
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when using in situ measurement techniques to determine concentration.—

values, this is not the case if these techniques are used to determine

external exposure for rate values, The exposure rate conversion factors

(last COIUIM, Table 1) are relatively insensitive to rather large varia-

tions or uncertainties in the depth distribution. Comparisons made be-

tween exposure rate valu$s determined using in situ techniques with those——

obtained with a pressurized ionization chamber are in general quite good

(see, for example, Beels, et al. (4) Table 21).

The conversion factor used for 137CS was 3.6 R/h per cps.

Concentration values may be obtained from the exposure rate values by

multiplying the appropriate ratio of t’neconversion factors given in

Table 1. For 60Co, a conversion factor of 20.5

used with the 1173 ket~peal:or 22.3

peak. In principle, either of these

R/h per cps

pezk.scould

R/h per cps csn be

with the 1333 ke[’

be used to determine

the total exposure rate resulting fron 60Co; both should lead to the

same result. In practice, ho~’e~’er,sorlemeasurements were sli@!t.ly

different in the two results. In these cases the averaGe value was used.

The mini~ur, detectable activity (KD.\)for the in situ results was——

set at the 30 level b.heresigma equals th~ square root of the sum of the

net photopeak counts plus twice the background co~i)ts. Because the }fDA

is a function of the background under a given p}]otopeak,whicl]varies

from location to location, there is no unique number for the MLDf,for any

given isotope. The actual value for a specific isotope varies slightly

from location to location, and the values of 0.5 pCi/g for 241/urn,0.2

R/h for 137CS, and 0.5 R/h for $°Co used in the present report

represent the worst-case situation as actually encountered at Enewetak.

-9-
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In Appendix A

tion and measurement

;:-li? ~ ‘==”’

l~b&~_J( J
there is a draft report by EC G on the calibra-

methodology for in situ determinat”ionof 241b at——

Enewetak Atoll. This draft report will be expanded to include 13’cs

and 60Co, although the methodologies are very similar.

With the exceptions of Bokinwotme (Edna), Taiwel (Percy), and

Lujor (Pearl), INP measurements

reported by the Desert R&search.

(Alice) throug},Billae (Wilma),

60C0, and 241Am wereof 137CS,

Institute (DRI) for the islands Bokolu

IMP ❑easurements of 130kinwotme(Edna)

and Taiwel (Percy) are not currently planned and those on Lujor (Pearl)

are not complete, In Tables 2 and 3, the average external exposure

rates are surmzrized in R per h for 137CS and 60Co, respectively.

Average surface soil concentrztionsj in pCi/g, for 241A, arc sumarizeti

in Table 4. TWO types of mean results are presented in each table--those

computed with the actual measurement results

and those computed by substituting the appropriate }~A value for all

measurement results less than the MDA. Where no measurement results

were less than the appropriate MDA, the latter type of mean is not

computed. M22Avalues used in t}lemean calculations were provided to DRI

by EG&G and are single valued over the entire atoll. Results for

Bokaidrikdrik (Helen) appear BS the Boken (Irene) sand spit entries,

because the sand spit is all of Bokaidrikdrik (Helen) that remains.

Mean results for the quadrants of Enjebi (Janet) reflect the following

allocations of the baseline data: north baseline to the nortl~cest

quadrant, east baseline to the southeast quadrant, south baseline and

benchmark (point 0,0) to the southwest quadrant, and west baseline to the

-1o-
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northwest quadrant. West tip of Aocnon (Sally) entries reflect results _ .

for the land mass created between Eleleron (Ruby) and Aomon (Sally) bY

the Pacific Area Createring Experiment (PACE) tests. Results for Lojwa

(Ursula) are prelirainary, With the exception of the Billae (Wilma)

60Co results, the percent diffcl-encebetween the two types of means

for a given island and isotope does not exceed 16 percent. In fact, for

the most part it is less.than 7 percent. The Billae (Wilma) 60Co.
.

means reflect the difference expected whe~ a si~nificant nuxber of the

measurement results are less than the IDA and the maximum observed is

not significantly hi~}ler.

In our calculations of the external dose due to 137CS and

60Co, we ha~’eused the necn values based on tl~eactual measurement

results for the islands Enjebi (Janet) through Eillae (h!ilma). For

Aomon (Sally) ~’ehave weighteci tli~ mean results for Aomon (Sally) and

Aomon (Sally) west tip accordin~ to their respective arczs: approxi-

mately 4(Ihectares for Aonon (Sally) and apprcxinately 3,4 hectares for

Aomon (Sally) west tip, In the case of the southern islands, Jincdrol

(Alvin) throu~!,Kidrenen (Keith), t:chav~,used the results rcpor:ed in

137Cs and 0,1 R/l]forreference 1 (p~. 501): 0.2 R/h fcr 60C0.

Decayed from 1973 LO 197?, the external exposure rates for 137Cs znc!

60Co among the southern islands are currently estimated at 0.174 and

0.0454 R/h, respectively. To convert fron exposure rates to dose

rates, a facLor of 6,2.1mrcn/J’per DR/h i(asused.

Beta doses hiivcbeen measured on Enjebi (Janet) Island and

Bokombako (Belle) Island at Encwetok Atoll. 5 ‘ll]emeasurements were

made at 1 meter height using tl]err,oluminesccntDosimeters (TLD’s) with

-11-
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varying thickness of aluminium absorbers. The “shallow doses” i~~.~ ~,’,’ ,“ : !4

calculated for Enjebi (Janet) Island are approximately 1.1

and for the southern islands the dose is O.01/rem in 30 y.

“shallow’dose” is received primarily by the surface layers

deep); deep doses from the external beta to organs such as

and basal cells in the skin are less than 1 mrem in 30 y.

rem in 30 y

This

of skin (1 cm

gonads, bone

The shallow

dose contribution from the beta emitters cannot be summed with the bone.
.

and wholebody doses presented in this paper; if surface skin doses were

to be considered independently then the “shallow dose” from the beta

emitters should be included. Because the beta particles have a short

and defined range any absorbing materials present, such as gravel

bu>lclingsor cloti]ingjwill greatly reduce tie e~.terneldose frofibeta

emitters,

Inhalation Calculations

Respirable 293+240pu and 241Lm are calculated using deta

developed in resuspension experiments conducted at Enevet~k Atoll in

February 1977 antiEikini AzoII in Msy 1978, A brief description of tl~c

methodology is given here bu: rjore detail and discussion can be found in

a paper currently in press.6

The study conducted on 15ik.iniIsland in May 1978 provided a more

complete set of data, folloving our preliciinarystudies on Enjcbi

(Janet) Island of Enewetak Atoll in February 1977. (Subsequent studies

were conducted on Eneu Island of Bikini Atoll.) The Bikini Island study

utilized extensive soil sar:plin&and in situ gacrnaspectroscopy to——

determine isotope levels in soil and vegetation, various air sampling

-12-
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devices to determine particle size distribution and radioactivity, and

.

!./i;j~~~ Q

micrometeorological techniques to determine aerosol fluxes. Four

simultaneous experiments were conducted: (1) a characterization of the

normal (background) suspended aerosols and the contributions from sea

spray off the windward beach leeward across the island, (2) a study of

resuspension of radionuclides from a field purposely laid bare by bull-

dozers as a worst-case c~dition, (3) a study of resuspension of radio-
.

active particles by vehicular and foot traffic, and (4) a study of

personal inhalation exposure using small dosimeters carried by volunteers

during their daily routines. Less conplete studies similar to (1) and

(2) had been performed previously on Enjebi (Janet) and background

studies similar to (1) were performed later on Eneu.

The “normal or background” mass loac!ingmeasured by

gravimetric methods for both atolls is approximately 55~/m3. The

Bikini experiments show that 34.g/m3 of this total is due to sea-salt

which is present across the entire island as a result of ocean, reef,

and wind actions. The mass loading due to terrestrial origins is

therefore about 21;g/m3. The highest terrestrial mzss loading

observed wzs 136+g/~3 imzzediatelyafter bulldozing.

Concentrations of 239+240Pu ha~’cbeen determined for

collected aerosols for normal ground cover and conditions, i.e. “norrlel

conditions”, in coconu~ groves, for areas being cleared by bulldozers

and being tilled, i.e. “high activity conditions,” and for stabilized

bare soil, i.e., the cleared areas after

plutonium concentration in the collected

the plutonium surface soil concentration

a few days weathering. The

aerosols changes relative to

for the various situations. h’e

-13-
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‘have defined an enhancement factor (EF) as the 239+240Pu concentration

“d
~ ~k~-i> !,

in the collected aerosol ❑ ass divided by the 239+240PU surface soil

(O-5 cm) concentration.

The EF obtained from standard Hi Vols for normal conditions

is less than 1; the EF for the worst case, high activity conditions is

3.1. Table 5 gives a summary of the observed EF at Bikini and Enewetak

Atolls.
;

The EF of less-than 1 (EF<l) for Hi Vol data for the normal

open air conditions is apparently the result of selective particle

resuspension in which the resuspended particles have a different

‘plutonium concentration than is observed in the total O-5 cn soil

sample; in other words the particle size and density and the

corresponding radionuclide concentration is different for the normally

resuspended material than for the total O-5 cm soil sample. In

addition, approximately 10 percent of the mass observed on the filter is

organic which we kno~’has a much lower Pu concentration then the soil.

Similarly the enhancement factor of 3.1 for high activity conditions

results from the increased resuspension of particle sizes ~,ithhi~her

plutonium concentration than observed in the total O-5 CE soil sar.plc.

We have developed additional enhancement factors (PDE) fror

personal dosimeter data. These data are normalized to tl~eHi Vo] deta

for a particular condition and represent that enhancement th~t occurs

around an individual due to his daily activities (different from the

open air measurement made with the Hi VOIS). These data are also

summarized in Table 5. The total enhanceacnt used to estiaa.tetl~c

amount of respired Pu is the combination the Hi Vol and personal

-14-
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dosimeter values. The effective enhancement used for normal conditions:, ~:~~ i
—..

is = 1.54 and for high activity conditions is 2.9.

In the scenario adopted to carry out the calculations we

assume that a person spends 5 h a day in high activity conditions and

19 h a day under normal conditions. Finally a breathing rate of 20 m3

per day and the surface soil concentration (O-5 cm) for each island is

used to complete the calculation for Pu and Am intake via inhalation.
;

The Am concentrations in ~he surface soil were measured by high resolu-

tion gama spectroscopy (Appendices A and B). The Pu concentrations were

estimated by using the conversion ratio (239+240Pu/241b) developed

in the soil sampling program and listed in Table 6. Exanple calculations

are provided in Appendix E.

The dose code is run assuming a pulmonary deposition of 0.3.

This we feel is co:lservative from a dose assessment point of viev at

this time because preliminary analysis of the particle size distribution

for both nomal and high activity conditions at Bikini Atoll indicate

that the pulmonary deposition would be less than 0.3 (Table 5).

The dose contribution frou,tileinl,al~tionpatl)wayis a Dajc!;

source of exposure to the transurenic radionuclides but is a minor

contribution to the total predicted doses over the next several decades.

Drinking h’ater

The drinkin~ water pathway contributes a very small portion of

the total dose received via all pathways.7>~~9 However, we have

included an evaluation of this patl)way to demonstrate its relative

contribution and to complete the assessment of all major patl~vays.

-15-
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The radionuclide concentration data used to evaluate the drinking ‘:
,.

w“d LLr Jti-J~

water pathway are listed in Tables 7, 8 and 9.
.

The preferred and most

often used water is cistern water; however, well water is used when

dought conditions exist. In addition to drinking water the Marshallese

drink considerable quantities of coffee and “Kool-Aid (Malalo)” for

which they again primarily use the cistern water. The total fluid

intake involving the use of cistern water and well water was determined

to be approximately one liter per day in the Ujelang Diet Survey

(Appendix C).

Terrestrial Foods

Soil Radionuclidc Concentrations, The soil sampling program was

begun in February of 1979 at Enewetak Atoll. This program was conducted

by the Department of Energy (DOE) IievadaOperations Office (NVOO) with

technical direction from Lawrence Livermore Laboratory (LLL). A 50

meter grid was estab]isl)edon each of the islands Bokoluo (Alice)

through Billae (Wilma), i.e., the northwest througilthe northeast and

east side of the atoll. Soil profile samples were collected at eacij

50 m grid point.

All soil profile samples were collected over the followin&

increments : 0-5 cm, 5-10 cm, 10-15 cm, 15-25 cm, 25-40 cm, and 40-60

cm. We have found that 40 cm depth encompasses most of the active roo:

zone of the subsistence crops which we have observed in the northern

Marshall Islands. A trench was dug at each 50 m grid point with a

backhoe and samples were collected do~m the sidcvall of the trench.

-16-



Subsequent to scraping the sidewall to avoid any

from the digging process. The O-5 cm sample was collected from a

surface area about 25 cm on a side. The area was then expanded by about

10 cm on each side and cleared to a depth of 5 cm. The upper surface

(l-2 cm) of this enlarged area (35 cm x 35 cm) was then cleared to

ensure that no surface soil, or soil from a preceding increment, had

fallen onto the next increment to be sampled. The next sample was then
>

taken from the’entire deptl of the increment (i.e., 5-10 cm) from an

area about 25 cr,square within the enlzrged region (35 cm x 35 cm).

This procedure was repected until the final increment of 40-60 cm had

been collected. A total of approximately 500-900 g of soil was collected

for each profile increment.

The soil samples were dried, screened, and ball milled into a

fine powder. Samples were then anzlyzed by garcaaspectroscopy to deter-

137CS concentration and by Get chemistry procedures to deter-mine the

90Sr and in some casesmine the concentration of 239+240PU, 241k,,

and 24]Pu, Gama spectroscopy of the soil samples for 137CS was

accomplished using Ral Crystals antihigh resolution, solid state gerna-

239+240PU, 241~.j and 241Punium diode syste~.s, Strontiuml- 90,

were analyzed by current state of the art wet chemistry procedures by

Eberline Corporation.

The radionuclide concerjtration for the profile for O-5 cm,

0-10 cm, 0-15 cm, O-25 cm, 0-40 cm, and 0-60 cm, were calculated using

equal weights for each 5 cm increment . The island average for each

depth profile (i.e., O-5 cm, O-25 c~j 0-40 cm, etc.) were calculated by

averaging the results for each profile taken on the island. The results

are summarized in Appendix G.

-17-
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Concentration Ratios. Very few locally grown crops are - =:”.!J Ii
L-, ~ $.

avail- able at Enewetak Atoll. The test plots established on Enjebi

(Janet) Island have provided data for that island; other than these test

plots, the available trees are limited to one or two isolated trees on

four or five islands in the northern section of the atoll. Coconut

trees are available in the southern half of the atoll but the

radionuclide concentrations are very low and it is difficult to develop
.

reliable data,

As a result of the scarcity of locally grow foods at Enewetak

which can be directly analyzed, k’ehave developed concentration ratios

between food products and soil (pCi/g vet weight in food/pCi/g dry

weight i.nsoil) for each radionuclide, using data obtzined fron our test

plots on Enewetak and Bikini Atolls, from the coconut trees on Bikini

Atoll which are now producing fruit, and from the fev isolated trees on

4 islands at Enewetak Atoll. The mean, standard de~’iation,mediariand

the high and low values for the concentration ratios developed from

samples collected through November 1978 are listed in Tables 1O-13 for

137CS, 90Sr, Z39+240pu and for 241Aiirespcctivel>. T?dc

concentration ratios are developed from soil profiles taken to a depth

of 40 cm through the root zone of the plan~s being scfiplcd. This depth

is used because from our observations this depth encompasses most cf t}ie

root zone of the subsistence plants we have 100liedat on Enewetak.and

Bikini Atoll. A report on the root activity 00) of large mature

coconut and banana trees showed most of tl]cacti~’ityin the 0-60 cm

depth which is consistent with our observations of tl]ephysical loca:ion

-18-
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of the root zone.
it

The depth which included most all of the root
. -1.,,

activity varied by age and by species but supports our use of the 0-40

cm profile depth for developing the concentration ratios.

Food Concentration. As a result of the paucity of available

food products which can be directly analyzed to determine the radio-

nuclide concentrations in locally grown foods at the atoll, we have pre-

dicted the radionuclide concentrations in foods for each island by
.

multiplying the aver.sgeisland soil concentrations for tile0-40 cm depth

as discussed above by the concentration ratios developed for the 0-40 cm

profile as discussed in “Concentration Ratios”. These predicted

radionuclide concentrations in foods are then used in conjunction ~’ith

the diets and dose models to develop the dose assessment for alternate

living

patterns.

Marine Foods

The concentrations in marine fish, shellfish, and invertebrates

are listed in Table 14 along with the source of data. Nuch of the data

were abstracted from the 1973 Radiological Survey Report.1 The

23g+240Pu and 241~m data are recently developed by V. E. Koshkin and

are lower than previously published values; these fish dataj when

compared with the corresponding atoll lagoon water concentrations, are

more in line with other published concentration rztios (pCi/g in

fish/pCi/g in water). The previously published transuranic data are

anomalous and we feel the current data are based on reliable collection

and analytical methods and they are therefore used in this evaluation.

Other assumptions have been identified in tl)efoot notes of the table.

-19-
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The diet used in this dose assessment was recently de~~elopedfrom

a survey conducted of the Eneweta!ipeople on Ujelang Atoll by the

Microesian Legal Service (lilS). The field notes from Mr. Michael

Pritchard, who conducted the survey for MLS, are attached in Appendix C

along with a sample questionnaire. A detailed sumzary by LLL on that

survey is also included>in Appendix C.
.

The school teacher on Ujelang Atoll joined Mr. Pritchard and FilS

staff in cortductingthe survey. Approxi~etely 25 percent of the Ujelang

population were interviewed. The breakdo~n by age group was:

36 Adult males

36 Adult fenales

19 12 through 17 y of age

37 4 through 11 y of age

16 0 through 3 y of age

A total of 144 persons were intcri~iewedwith 2 fe~zlcs decliriin~to

complete the dietary questionnaire.

Some people were away from the atoll at the time of the interviev

and so selection was limited to those households u7hereseveral people

were available. The households were selected at random from the

available pool with constraints to meet the goals outlined in Chart 2 of

Appendix C.

Throughout our discussions of diet and estimated dose, three

expressions are used extensively: normal conditions, famine conditions,

and subsistence foods. Normal conditions are those existing within a

-20-
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month of a recent field ship. Famine conditions imply a complete ‘
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absence of outside or imported foods. Both conditions were defined by

Pritchard for the Ujelang diet survey and have been retained by LLL.

Subsistence

the Ujelang

ferret?over

subsistence

Data

foods are an LLL expression for the locally grown foods of

Survey. Under normal conditions, imported foods are pre-

local subsistence food items. During fanine conditions

fo,odsare the only source of dietary intake assumed.

on the dietary preferences of the Enewetak people were pro-

vided to LLL in three parts: (1) Household Survey results for the

Ujelang/Japtan population, (2) individual Medical and Diet Survey (IND)

results for 144 persons, and (3) a memorandum from Michael Pritchard

(Micronesia Legal Ser\rice)- Subject: Report and Field Notes on Ujelang

Food Survey, April 22 to May 9, 1979. This report, with minor editing

for style but with conteritunchanged, is attached in Appendix C.

Acco~d- ing to Pritchard, “the household survey met three major needs:

it pro- vided in descriptive fashion zn account of the eatin& habits for

the entire pop~la~ion O: Uje12n~; it prc~:ideddstfion certain special

diets for CerL:in types of individuals such as pregnant women; and

server!as a census document for locating individuals for the I!Tl

survey.” The completed IITDquestionnaires provided, when knc’.~j,each

surveyed indiviciuslsname, age, sex, height, weigljc,sickness frequency,

prior medical treatment, x-ray history, radiation therapy history,

parental data, and preference for various subsistence and imported foods

under both normal and farni.neconditions. Consumed quantities of each

food item preferred were expressed in 12 oz beverag~ can volume

equivalents per day, week, and monti,. Pritchard’s memorandum provided
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insight into such things as the overall survey procedure, the estimated _-,.”, ~o-,..... ~j

uncertainties in some reported values, the preferences in preparation

and consumption of many food items, and the can conversion data (grams

of food per 12 oz can) for some food items.

In the time available, LLL has used the dietary results of the

ID questionnaires to determine the mean intakes in gramslday of

fiubsistenceand imported~foods under both normal and famine conditions
,.

for adult males, adult females, and children in the O through 3, 4

through 11, and 12 through 17 year ranges. However, before presenting

the results for mean intakes, a brief description of the procedure is in

order.

In

number of

done, we (

items and

to cards.

tially, we examined each questionnaire to deternine the total

individual food items indicoted as pr~ferreci. Once this was

stablished a standard conputcr card format for all the food

then transferred each individuals monthly dietary preferences

Where an individual showed no preference (response) for a

specific food itcr,,a blank field appears on the card. In those cases

where an individual sho~,etia preference for a specific orgzn of donestic

meat (pork) or poultry (chicken), they have been so recorded. However,

in those cases where more than one organ was preferred, but no relative

preference given, we have arbitrarily recorded tl~er,under tilellver.

Concurrently, we developed tl~ecan conversion data necessary CO

convert the 12 oz cans/month into graros]day. The methods used to

determine these conversions were many and varied. In some cases, 12 oz

cans were packed with the specific food item and weighed; in others! the

-22-
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weights for canned or packaged foods were used. In still others, like ~:+..:~

d;”~fl.g
some marine foods, densities in grams/cc were computed and used for the

conversion. Some assumptions were also made where a specific food item
~<;,~;%

/
-,

was unavailable. Tables 15 and 16 summarize the can conversion data we

developed for the subsistence and imported foods, respectively. In each

table, the foods have been grouped under

eventually refer to in our dietary means
;

reported by Pritchard, wh-ereappropriate

the major

We have

and have

footnotes to clarify the so~rces of data, In terms of accuracy, our can

categories we will

included the results

made liberal use of

conversion data has soraelimitations. First, we were not able to obtsin

samples of all foods. Second, our data for fish, shellfish, clams,

crabs, octopus, turtle, donestic meat, and wild birds is raw weigh~,

whereas, the majority of these foods are only consumed after some form of

cooking. Tnird, we have assumed an average for raw and scrambled eggs

since Pritchard reports that bird eggs are “usually eaten scrambled,”

chicken eggs are not described, and turtle eggs are “usually eaten raw or

scrambled.” Fourth, pumpkin, and undoubtedly squash, is consumed COO;.e~

rather than uncooked. Fifth, there cJ2ybe other foods that are consu~ed

in a form different th.2nwe reported. Finally, the differences between

the LLL and Pritchard values for a specific food item could reflect

differences in food fom (e.g., raw or cooke~), can packing, or botl]. iCI

be more precise in the can conversion data would require detailed

weighing of each food item in the form consumed by the Enewetak people.

The final step in our procedure was analyses of the data with a

computer code specifically developed for tl~atpurpose. For each specific

food item and major category identified, the mean intake, standard

deviation, high intake, low intake, and proportion of nonzeroes in the

sample (No/N) were determined. Likewise for the total diet.
-23-
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Tables 17 through 21 summarize our dietary intake results for

subsistence foods under normal and famine conditions for adult males,

adult females, and children in the O to 4, 4 to 12, and IZ to 18 year

ranges, respectively. Results for imported foods (normal conditions

only) are summarized in Tables 22 through 24.

Dr. Jan Naidu documented the dietary intake of Marshallese people on

Rongelap and Uterik Ato~ls as part of a multi-atoll survey conducted from
.

September through November of 1978,10 The preliminary results from his

work are listed in Table 25 and compared with the adult ❑ale diet from the

Ujelang Survey conducted by the MLS, The diet listed from’Dr. Naidu’s

work is a maximum diet for adult males, i.e., a diet in which people were

consuming only locally gro~~ foods. This dietary intake should be com-

pared with the “famine diet” situation fron the Ujelang Survey, The
)

dietary intake between the different atolls is not to different; intake

of all dietary items is sinilar except for breadfruit and Pandanus

Fruit. This difference can probably be attributed to the large developed

trees at Rongelap and Uterik and the lack of the same at Ujelang and

certainly Ene.:etak. It will take 15 years or more for these trees to

develop on Eneweta}.to the stage they have on F!ongelspso that sufficient

fruit would be available for a higher consunptioc. Although the coconut

meat and milk intake are separately different the cor,bineclintah.eis

sinilar.

Dr. Naidu reports that the “normal diet,” whicltis the one that

exists most of the time at the atolls, could be determined by dividing

the maximum diet data by a factor of 6 or 7.11 hrr,enthis is done t}le

results are comparable to the normal diet de>’elopedfroc the Ujelang

Survey. In addition, Dr. Naidu stated that the womens diet is

_24_
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‘ approximately 75 percent of the male diet; this is in contrast to the f?~~;.,>

UjelanS Survey in which the female intake exceeded that of the males (see &y
~T:~~+a

Tables 17 and 18). v~:~.,

/

..“..

In a report summarizing a survey conducted during July and August of

1967 at Majuro Ato1112 the average coconut use was approximately 0.5

coconuts per day per person. This included young drinking coconuts, old

nuts used for grated meat and pressed for small volumes of milk and

>
sprouting nuts used for the sk7eet,soft core. Recent data from Eneu

Island shows that an average drinking coconut contains 325 ml of fluid

(~= 125 ml) so that even if the entire average coconut use of 0.5 per

,day were all drinking nuts the average dail~~intake would be about 160 g

per day. This is in good agreement with the results from the Ujelang

Survey and Naidu’s results for coconut intake,

In summary, two sources of data tend to confirm the ❑agnitude of the

intake of coconut and other dietary items developed in the Ujelang

Survey . We, therefore, are using the results of the recent Ujelang

Dietary Survey to develop the dose estimates in this paper.

The “LLL” diet used in previous assessments1,7 was developed frcr.

observations13 and published reports in the literature.14 Because

there were no direct surveys of the people in recent years the “LLL” diet

was designed to be conscrvztive, i.e., overestimate the intake ii

anything. From the recent Ujelang Survey it appears that that was indeed

the case in that all intake fron the current survey is less than that

previously used.

-25-
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Living Patterns / ;].’,$
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$’+~.~
Doses have been estimated for three major living patterns at

~&:.j.,/A>..\

Enewetak Atoll. Each living pattern has also been evaluated for options Vdxb )A-

$“
on the source of some subsistence foods ,and for time distributions. The

living pattens are:

1. a, Enjebi (Janet) Island as the residence i’slar,dwith 100 ‘

percent of the time spent on the island and all local foods
;

from Enjebi~ For the first 8 y after return we asswne the

coconut, breadfruit and Pand.anusFruit will cone from the

southern islands. After 8 y the trees which would be

planted on Enjebi (Janet) Island at the tine of return

should be bearing fruit.

b. Enjebi (Janet) Island as the residence island with 15

percent of a persons tine spent on other northern islands

Mijikadreli (}{atc)through Billae (h’ilma). Ten percent of

the coconut intake .isassumed to come from these other

northern islands othewise all consu~ption is again from

food crops on Enjebi (Janet) Island. The sate situation

applies for the first 8 y.

c. Enjebi (Janet) Island as the residence island with all

coconut fror.the sout”nernislands Jinedrc,l(Al~7in)throc~h

Kidrenen (Keith) and 15 percent of e persons tirlespent 0:’:

the southern islar,ds. The rest of the lo”calfood

consumption k’ouldbe from Enjebi (Janet) Islancik’iththe

same situation for the first 8 y.

-26-
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The Enjebi (Janet) Island living pattern results in the highest

predicted doses for the living patterns evaluated in this report.

2. am The southern islands
[
Japtan (David), Medren (Elmer), and

Enewetak (Fred)
1

ras the residence islands with 100 percent

of a persons time spent on the southern islands
[
Jinedrol

>
(Alivin) through Kidrenen

J
(Keith) and all local foods from

these islands.
.
.

b. The southern islands
[
Japtan (David), l,ledren(Elmer), and

.
Enewetak (Fred)

J
as the residence islands with 10 percent of

the coconut intake fron the northern islands Nijikadrek

(Kate) through Billae (Wilma) and 15 percent of a persons

time spent on northern islands.

The southern islenc!living pattern results in the lowest pre-

dicted doses for the living patterns evaluated in this report.

3. a. Aomon (Sally) and Bijire (Tilda) as the residence isiands

with 100 percent of a persons time spent on these islands

and all local foods fror,these islands. Coconut, breadfruit

and Pandaus Fruit ~’illcome fron.the sol~thernisiantisin the

first 8 yezrs.

b. Aomon (Sally) and Ilijirc(Tilda) as the residence islands

with 15 percent of a persons tir,espent oiithe other

r the coconut ln~a}:eco~i~:northern islands and 10 percent o.

from other northern islands Mijikadrek (Kate) through

Billae (Wilma) . The rest of the 10CZI foods would cone

from Aoman (Sally)/Bijire (Tilda) with the usual exception

in the first 8 y.
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The doses projected for these living patterns are based upon the $;;? +,

-.;’/”,

adult female diet which represents the maximum intake for adults. The
.;> ~

.- 1A’ .s/,;+.-.

/

....

doses are also estimated for two cases from birth through 70 years for
‘->; &> ‘:.<

‘J #

Enjebi’ (Janet) Island only.
4\

In the first scenario, the individual is born within the first year

of return to Enjebi (Janet) and resides there continuously for 70 y.

With four exceptions, all su”osistencefoods consumed during a lifetime
;

are assumed to come from ’Enjebi (Janet) only. Exceptions are the Pandanus

Fruit, breadfruit, coconut ❑eet, and coconut fluid. For the first eight

y they are assumed to come fron the southern islands. Thereafter, they

too come from Enjebi (Janet) only.

In the second scenario, the individual is barn eigh: years after

return to Enjebi (Janet), and also resides there continuously for the

next 70 y. All subsistence foods consu.nedduring tl~ztlifetime arc

assumed to originate from Enjebi (Janet) only. This is consistent and in

keeping with our first scenario in which external sources of Pandanus

Fruit, breadfruit, coconut meat, and coconut fluid were terminated at t!lc

“end of the eighth yesr.

Summarized in Table 26 are the dietzry sources and corresponding

radionuclidc concentration decay periods assumed in estimating the

ingestion doses from the two scenarios. Ingestion dose fron birtilLo Ll]c

fourth year of life is basecion the dietary inta’kcof ar;average child in

the O to 4 year ran&e. In the first scenario, there is no decay

correction applied to the radionuclide concentrations at the time the

diet begins. Ho’.’ever,in the second scenario, an eight year decay

correction is applied to account for the eigilt year delsy in the

individuals birth since return of the parents to Enjebi (Janet). Between

-26-
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the fourth to the twelfth years of life, ingestion dose is based on the

dietary intake of an average child in the 4 through 11 year range. For

the first scenario, two decay period corrections are applied to the

radionuclide concentrations. The first occurs at four years and is the

point at which the 4 through 11 y range diet commences. The second

occurs at eight years and is the point at which all subsistence foods

commence to originate from Enjebi (Janet) only. With the second
>

scenario, a single decay ‘periodcorrection is applied at 12 years: the

point at which the 4 to 12 y range diet comences. Ingestion dose for

the twelfth throu&h seventeenth years of life is based on the dietary

intake of an average child in the 12 to 18 y range. Decay period

corrections applied in the first and second scenarios reflect

commencement ci the 12 to 16 y range diet and occur at 12 and 20 y (12 y

since birth), respectively. For adulthood, the eighteenth througk.

seventieth years of life, we ha~’eassm,eclthe ingestior.dcse to originate’

from the dietary intake of adult females. Decsy peiioc!corrections for

commencement of the adult fefialediet are 18 y for the first scenario end

26 y (18 y since birth) for the second.

Inhalation and external doses estimated for each scenario reiiect

the previous assu~pticn of continuous residence on Enjebi (Janet). 1~

the first scenario, lnha]stlon and external source contributlor.scorrerlc~

with the first year of return to Enjebi (Janet). With the second

scenario, a decay period correction of eight years is applied to th,e

inhalation and external source contributions before the dose esti~ates

are made.

The predicted doses for eac}lof the above living patterns and optior.s

are calculated for normal and fa~ine dietary conditions.

-.

I
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DOSE CALCULATIONS

Body and Organ Weights

Data from the Brookhaven National Laboratory15~16 have been

summarized to determine the body weight of the Marshallese people. The

average body weights of the adult males and females are listed in Table

27. The average adult male body weight is nezrly 70 Kg for Bikini and.
.

Uterik which is very near the 70 Kg value of reference man,17 AS a

result we have used the body and organ wei&ht for reference man in our

dose calculations.

90Sr Method@logy

Bone marrow doses and dose rates are calculated in two steps. First

the model of Bennett18)19~20 is used to correlate the 90Sr concentrations

in diet to that in mineral bone. liextthe dosimetric ❑odel developed by

Spiers21 is used to ca]cula~e the bone mzrrow dose rate from the concentra-

tion in mineral bone.

Bennett’s model is ax empiricel nodil develope? fron 90Sr concentra-

tions in tiewYork znd Sz~ Francisca foods and autopsy bone sanples. The

concentrations in the diet resulted from world wide fallout. The model is

thougkltto best reflect the 90.~r concentration in bone for the low ie~’els

found in the l!arsheilIslands; it uses as input the actual ciietarj905,.

concentration and the output is the actual 901

bone determined from analysis of autopsy samp”

dependent variations. The calcium content of

r concentration in ciineral

es. It also incluies a.gc

the normal diet for the

Marshallese is listed in Table 28; the average intake is 0,7 g per day ~’hici:

is very similar to the 1.0 g per day estimated for U.S. diets. The model is

-30-
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rather insensitive to calcium intake unless it greatly exceeds 1.0 g per day ~.,::●:.

/.?-
or is less than 0.3 g per day (personal communication, B. G. Bennett and P~’.’?’,.,

yd~>;,
J. Harley). Therefore, the similar nature and the similar intake of Ca for

the overall Marshallese diet relative to.U.S. diets would indicate no major &

90Sr model to the }iarshallesepopulation.problems in applying the

Using Spiers”model the dose rate, Do, to a small tissue filled cavity

in bone is calculated from the 90Sr concentration in mineral bone. Then,
;
.

fron geometrical considerations, the dose rates to the bone marrow, Drij and

to endosteal cells’,Ds, are calculated, using the conversion factors Din/Da=

0.315 and Ds/Do = 0.434 respectively. The conversion factors are those

quoted in UNSCEAR22 and are equivalent to a msrrow dose rate of 1.4 arad/yr

per pCi/gmCa and an endosteal cell dose rate of 1.9 mrad/yr per pCi/~Ca.

These dose rates are determined directly and not by cozpzrison to radim so

that “rads” are equivalent to “reins.” Since bone marrov is considered a

blood forming organ (annual dose limit equals 500 mre=/yr) and entiostcal

cells are in the “other organ” category (annual dose limit equals 1500

mrem/yr), the bone marrow
. . .,

dose is the crltlcal organ In bone (ICRP23) for

‘OSr,

Example calculations of the model are gi~’enin Appendix D.

137Cs and f’oco

For 137Cs and 60Co th~ ~ethods of ICRP2L’25 and ~iCF.?26as developed by

Killougl~and Rohwer in their “II;DOS”code27 are used ior tl~edose calculations.

This code is used as published; however, the output is modified to show

the body burdens for each year. For 137CS, which is of najor importance

in the Marshall Islands, the model consists of two exponential components

-31-
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with half times of 1 and 115 days, with 15 percent of the intake going to

the 1 day compartment and 85 percent to the 115 day compartment. These

data are consistent with preliminary data obtained by Brook.havenNational

Laboratory28 on the half time of the long terulcompartment. The

average of 19 Marshallese males showed a mean of 120 days with a range of

75 to 182 for the long term compartment, For 16 females the mean value

is 109 days with a range,of 50 days to 630 days.
.

Th~ ❑odel for 60 -CO is a three comp.srtment~odel with half times of

6 days, 60 days and 800 days k’ith60 percent, 20 percent, and 2@ percent

of the intake respectively.28

Nore detail and example calculations for
137

Cs and 60Co are

given in Appendix D.

Transuranic Radioauclicies};ethodo~og:.

Inhalation. The inhalation mQiei use? for the various isotopes of—.

plutonium and for 241~~ is tl,~:of tilelCR? Tas;:GrouP~9 as adaPted

by Martin ana Blooc.30 Tnc or.iydiifer~nce bc:~’eenMzrtin and Bloor’s

model and the ICFtP1s ti~ztthz forr.crcot.’sincsthz nasopk,zr~ngc~1 ~r.~

bronchial conpartrtentsinto one. The dose is calculated only fcr t!~c

pulmonary compartment so the difference is not significant, Paranctc:s

for the lun& model are tiloseof the ICF.P2ik’i:i:th,cfcliowin~

tions: The gut to blood tr~fisf~ifor pluconiur,isctopr.sis 1

and for 241AImis 5 x 10
_4 3~# ~150

241A. is zssur,etiLO be a c9

compound while plutonium isotopes are class Y.33

cxcep-

X 10-L

ass K

Ingestioz. For thz ingestion patiivaytt:egut transier coefficients—

are as stated previously: 1 X 10-4 for PU and 5 x 10-4 for h. The

50!1711
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critical organs are bone and liver with 100 year half times for Pu and Am ‘J~.)”-i

-...

+“/-:;9,$

in bone and 40 years in liver. Forty-five percent of the Pu and Am
\
.‘Al:; .f+
“ .4 ,’>,‘:’..

\,q~ ,’.~
transferred to blood is assumed to reach the bone and 45 percent to reach .4”

the liver. The remaining 10 percent is distributed among other organs.

RESULTS

;

In this section the ~redicted maximm annual dose rates and the 30

and 50 year integral doses for the di$ferent living patterns and options

are presented. The “msximum annual dose rate” is defined as that yezr

for the wholebodj when the sureof the wholebody ingestion dose fron

137Cs and the external garma dose is a maxi~u~ and for bone marrc~ when

137CS and 90Sr and the externalthe bone marrow ingestion dose from

gauxnadose is a ~axi~a~. Due to t’n~build-up of dose from 905Y

ingestion and the continuously decreasing dose after the first ye=r for

137Cs for both ingestion and external g.sma, the wllolebodyand bone

marrow “maximurJannual dose rztes” can occur in a different yesr 2T1C

therefore the external
.,

dose ~llicti contributes to tilemaximuc.can be

different for the t~tocases. Figure 3 is a graphical illus:ra:ion of

this point. The maxinur anauai doses are listed in Teble 29 for bo~c

marrow and wholebotiy for botl,normal and famine conditions; they arc

broken do~~ into ingest’ioazntiexternal garr,~contribu~ions. The yea: at

which the ~aximum dose rate occurs is also listed. It is emphasized t;lat

closeslisted for famine conditions are calculated

consumption of foods over a lifetir,eunder famine

assuming continuous

dietary conditio~s.

This is not a reasonable dietary pattern but it is presented to show the

maximum case that could occur. Famine conditions are not expected to

occur for more than a month or two each year, if at all.
-33-
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In Table 29 are listed the results for Enjebi (Janet) Island that ‘:+:’.;’;.e

Q’&: : :‘::...
summsrize the living pattern of major concern to some of the Enewetak

*’-’I
,/,.

4
people. In this living pattern all food is assumed to come from Enjebi

(Janet) Island except during the first 8 y during which time the coconut

meat and fluid, breadfruit and Pandanus Fruit is assumed to come from the

southern islands. For normal conditions the predicted m.sximumannual

dose rates are 250 mrem for bone marrow and 235 mrem to the wholebody,
;

If people were to live continually under famine conditions the predicted

maximuulannual dose rates are 500 mrefiand 455 mrem for bone marrow end

wholebody respectively. A

On comparison of the doses predicted for the four quadrants

Enjebi (Janet), three qtizdrsntsare less than the island average

29) and one, the northwest quadrant, exceeds the island average.

doses for the northwest quadrant are 325 rnrefi/yfor bone marrow and 3C5

mre~/y for wholebody for normal conditions; for famine conditions the

doses are 670 mremiy for bone msrrow and 610 mrem/y for wholebody.

The maximuc annual dose rates predicted for living patterns Aonon

(Sally) and Bijire (Tilda) (all foods fr6m these islands except durin~

the first 8 y) are very si~iliar, The results are listed in Table 29.

For normal conditions the closespredicted for Aomon (Sally) are 50 ~rer./y

to bone marrow and 45 mren/y to wholebody and for Bijire (Tildz) the bc:~c

marro~ and wholebody tiosesare 46 mrem/y and 4h,mren/y respectively. Fo~

fanine conditions the bone marrow and wholebody doses are 98 mremiy SPC?

86 mrem/y for Aomon (Sally) and 69 mrem/y and 82 mren/y for Bijirc

(Tilda).

-34-
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f’~The dose rates for the southern island living pattern are also
.,.

([;> ::2 ,q ~>:
listed in Table 29. The maximum annual dose rates predicted for this 4-.. :,

~ti. j ;* ;“.>

living pattern are extremely low.
Q4 ~,

For normal conditions the maximum
[~’

annual bone marrow dose rate is 3.7 mrem and the wholebody dose rate is

3.2 mrem. For continuous famine conditions the maximum annual dose rates

for bone marrow and wholebody are only 7.8 mrem and 5.9 mrem respectively.

Table 29 includes the variations to the major living patterns. For

example, the maximum annu%l doses are listed for Enjebi (Janet) Island

when 15 percent of a persons ti~e is spent on other northern isl<nds

Mijikadrek (Kate) through Billae (Wilma) and 10 percent of this dietary

“intakeof coconut comes frou these islands; the other 90 percent oi the

coconut intake and 85 percent of the time are of course on Enje’bi(Janet).

Under these conditions the bone mzrrow dose is reduced fron a 250 mre~!y

to 230 mren/y for nornal conditions; for fs=ine cone’itio?stilereiuc:iox

is from 500 to 470 mreci. Similar reductions occur in the wholeboi;:

doses. For Enjebi (Janet) Island living pattern, options

for the net effect of spending ti~c on other northwestern islands is to

reduce the dose fror,those predicted for.the Enjebi (Jzn~!) Island livint:

pattern.

The reduction of the predicted Enjebi (Janet) Island doses is of

course more dracatzc for a case where all of t’nec!ictar;:coconut cores

from the southern islands Jinedrol (Alvin) throu&h Kidrcncn (};ei:}]).

In this case it is assumed that 15 percent of a persons tine wculd also

be spent on the southern islands. Ti~edoses for this option for nor~:l

conditions are 73 nrer,~yfor vholeboay and 85 xcrer,/yfor bore CZ:YO”.:; f>:

famine conditions the doses are 150 nrea/y and 110 mren/y for bone marrov

and wholebody. The data are listed in Table 25.
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For the living patterns involving Aomon (Sally) and Bijire (Tilda)~,t~: .“ ,.~ _.*:-”.“

- u ,P... ;-<-...
u~.. .::..,”-’use of coconuts from other northern islands and time spent on other

.<’
~J’

northern islands slightly increases the predicted doses over those

involving Aomon (Sally) and Bijire (Tilda) alone.

The predicted doses when 10 percent of the coconut dietary intake

for the southern island pattern is assumed to come from the northern

islands and 15 percent of a persons time is spent on northern islands are
:

increased above those pr~dicted for southern islands only. For the

combined southern island-northern island li~’ingpattern the wholcboty and

bone marrow doses are 8,3 mrern/yand 9.2 nren,iyfor nornal conditions a~~

“14mrem/y and 17 mren/y for fariineconditions.

In Table 29 are also listed the predicted doses for e special c.?se

where a child is born on Enjebi (Janet) Island at the time of the P~oPle~

return and is raised his entire life on that island. Thus, his ec:irc

dietary intake will cone from Enjebi (Janet) Isianti. For norm~l

conditions the wholebody dose is 180 mrea[~~an? the bone ~arro~ dos~ is

195 mrem/y. For fanine conditicms the correspozdizg doses ~rc 350 nrc~~?

and 405 mrera/y. For cor,pzrisoztl~eadulis dose: for norr.=.lconditions

for Enjebi (Janet) Island (see Table 2?) arc 235 nrer./yfo:”~~l~~eb~d;~rd

250 mreci/y for bone ~arror. The correspondin~ fzr,ineco~tiitioadoses fo:

the adult arc 455 clrez.,fyan? 50C nrer!y. Tk.cres~~Ls for ti:cchi?~

scenario in k’!~icnthe child is “born6 y after the peoples retur~,1s tilt

final entry in.Table 29; the doses for normzl conditions arc 159 ~r~~~Y

for wholebody and 170 merem/y for bone marrow, both of u?lick,are Iovcr

than the other scen~iio.
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The results for the 30 and 50 y integral doses for wholebody and
@“ ~,~$

bone marrow for the living patterns and options being considered are . :-f~,~ i ~
. /

{ -J:‘
/
,:,+’:

listed in Tables 30 through 44. The doses are broken down into the
~i~~~~;,$

4.
contributions from the ingestion, external gamma, and inhalation pathway.

The doses predicted for nomal and famine conditions on Enjebi

(Janet) Island are listed in Table 30. For normal conditions the 30 y

integral wholebody dose is 4.9 rem and the bone marrow dose is 5.5 rem.
;

For famine conditions the doses are 9.1 rem and 11 rem respectively.

Tables 31-34 list the doses for the four quadrants of Enjebi (Janet)

Island. For the case listed in Table 35 where the residence island is

Enjebi (Janet) but 10 percent of the dietary coconut comes from other

northern islands, the 30 y integral wholebody and bone marrow doses for

normal conditions drop to 4.6 rem and 5.1 rem. When Enjebi (Janet) is

the residence island, bu~ all coconut cones from the southern islands,

the data listed in Table 36 show that for normal conditions the 30 y

integral wholebody dose is 1.8 rem and the bone narrox dose is 2.3 rec.

For the famine conditions the corresponc!ingdoses are 2.6 sn5 3.6 rec.

Tables 37-40 list the results for the Aonon ,(Sallv) and Bijirc (Tilds)

living patterns; all doses are much less than those piedicted for Enjchi

(Janet) Island living patterns.

The 30 y doses predicted for the southern island living pa[tern for

normsl conditions are 0.069 re~ for wholebody and 0,10 rem for bone

marrow (Table 41). For famine conditions the corresponding doses rise to

0.12 rem and 0.22 rem. The integral doses for the southern

island/northern island option falls between the values given for the

Enjebi (Janet) Island pattern and the southern island pattern and are

listed in Table 42.

.-
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For the special calculation made for children born at the time of ‘-:,~;;:<$’,:y~
;.,>:

J:;+,.<; .%
return for the Enjebi (Janet) Island living pattern, the 30 y integral “-ti~~x)’

&

wholebody and bone marrow doses for normal conditions are 4.2 rem and 4.7

rem respectively (Table 43). For the adult case given in Table 30 the

results were 4.9 rem and 5.5 rem. For famine conditions the 30 y

integral doses for children are again less than those estimated for

adults. The doses for the scenario where the child is born 8 years after

return (Table 44) are les~ than when the child is born at the tine of

return.

The estimated arithmetic mean, 7, of the radionuclide concentrations

in soil and foods is used to estimate a dose that, for our data, includes

about 65 percent (range, 55 to 75 percent) of samples with equal or lower

radionuclide concentrations. Other doses can be estimated from prob-

ability plots givin~ cur,ulative“concentration quantities (for example,

Fig. 4). The S-l (s = standard deviation of a log-transformed plot) is

the slope of this log-probability plot.3L By using tileslope of the

best fitting line, we can estiujatethe proportion of concentrations that

are less than =, 2X_,and 3~ or 90, 95, and 99 percent ctimulati~e

probabilities.

35,36 which oftenExperience with concentrations in soil and air,

follow multiplicative nodels, yield measured concentrations that Fiaveart

approximately lognorma~ probability density. If we refer again to the

log-probability plots (Figs. 4 through 10), our othenise right-skewed

untransformed data approximately fit a straight line, and we see at least

qualitative evidence for assunin& the pro”Dabilitydistributio~ is

lognormal.
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To find numerical evidence of lognormality, we chose the

P
, ;:.p,

Filliben37 r-test to reject if necessary the hypothesis that each data
,,.

.&’:i;+; ,fi
~.i[. : Q

set is log”nomally distributed. Filliben’s investigations have shown the 4$;*5><~

r-test to be 98 percent as powerful as Shapiro and hlilk’somnibus 4]

W-test38 for rejecting a lognormal hypothesis when the data are not

lognormal. The r-test was validated37

2 to 100. Computationally, the r-test
;

W-test in that long lists-of constants

for sample numbers ranging fro~

is much more convenient than the

need not be stored. We

approximate the r-probability levels by a second order pclynonial irilog

(number of saaples, N) for N 4. The ma~.imumerror for this

approximation is + 0.004 in the region N = 10; elsewhere + 0.001.—

We tested all dsta sets (greater than six measurements each) hsving

more than half t’nesamples greater than the ~inirun detec:ablc activity

(MDA) and found that 91 data sets out of 123 tested lognor~sl. Of the 91

sets, 56 percent had r-values greater than the 0.5 probability::acceptance

level; 36 percent, 0,1~ r ~0.5; 7 percent 0.05s r ~0.l; 2nc!1

percent, r< 0.05. The lo&nor~sl assur.ptionwas rejectei for 10V

r-values (r < 0.05). The resulting inaccuracy is srzli since those

rejected data sets were near the )’D.4.

Mean (T), standard varietion (s), and cuwlative pro’oebilitywer~

estimated by the (1) Krige’s quan:ile l,ersio:-,of tilec::~iru=Iil:c.iii}ooi

estimator, (2) log-probability graphical ~etliod~,2nd (3) arithzctic

mean. Krige’s method is used as outlined by Gilbert,
39

tisia~the
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Finney minimum variance unbiased estiaator described by Aitcheson and
P
/’;;,%

Brown.34 Tne Krige method using ~ minimum variance unbiased estimator
.4( ;.) (/ ,

& Q ,:..8’ /+$+

is optimal under the assumption of lognormal distribution (Aitchison and
~~<~a;),

&

15row34 p. 44). The shift parameter, T , is calculated using Krige’s

quantile formula.39 The T is involved in the log-transform as log

(x. - T), where xi1 are measurement values in pCi/gm and may be

negative and below the mininum detectable activity (lfDA). The param-

;
eter removes problems of taking logriti-imsof negative numbers and improves

the approximation to the lognormal probability density function. The

computer algorithn calculates the first T . Figure 8, T = 0.6 pCi/cn,

exhibits an example where the left ?IDAconcentrations are forced more

closely to a straight line than the same data with T = o (Fig. 7) using

the Krige method3g to adjust this paraneter about the first approxi-

mation to maximize the r-test value. The means and vzriances arc

calculated using the Finney fifteen term approximation to e riiinimuv.

variance estinate (Aitchison and Brobm,34 Eq. 5.37), A visual inspec-

tion of each data set is done by a log-probability plot (exanples on

Figs. 4 to 10). For comparison, the mean and variance was estimated

using the quantile method.
35

The mifiimu~variance log-probability-line

was used to find the quantile values. Kumerical approxic?tions to the

cumulative norzzl distribution used formulas 26.2.23 ax~ 26.2.22 in

Abromowitz ant!Stegun ’s handboc;:.40 Tables 45 through 47 illustrate

the comparison of methods for 241AE which have several censored values,

and 137Cs at the same sample location. For 241Am, the Zrithnetic

mean frequently underestimates the };rigecc:hod (avers:? of 30 percent>

underestimation range: O to -100 percent, 0-15 cm soils), but the

-40-
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quantile method overestimates m and s (average of + 48 percent, range: h0,; ,
>,..?(: ,
.>~,

to + 160 percent, 0-15 cm soil). For 137CS with few measurements below , ‘ , i ,’.-;
+;;

*L4’.; ;,;~ *.L

the MDA, the differences between methods are smaller. For 137CS O-15
<~

L{

cm soil measurements the arithmetic mean, X> underestimates -5 percent

(range: -32 percent to +6 percent), and for the quantile method, X

averages 21 percent lower (r2nge -50 percent to O percent). As we can

see (Table 46), radionuclide concentration data above the MDA the

>
arithmetic averages make ‘a good approximation to the Krige mean for

coefficient of variation c, averzging 0.9 (ran&e: 0.6 to 1.5). Recently,

tt’hite41found the arithmetic Dean to have a 75 percent efficiency for

‘coefficients of variation, c, less thzn 2. T’fiisefficiency is also shok-n

by Aitchison and Bro~-n.34

The value of the

46 to be roughly equal

and 137CS (0.1 pCi/gm)

MDA, set to MDA. Sini

negative values of T.

samples Enjebi (Janet)

shifting para~etcr C2Z be seerifror Tables 45 znd

to the lfDAvalues of 241A..(0.2 to 1.5 pCi/gC)

Both of these data sets h.avcvalues less than

ar analysis on unalterecidata exhibits lover or

The 137CS values (T:ble 46) are seen cr,

}~Eand Kidrinen (Lucy) to be unreasonably lar~e,

and without physical basis. The improvement in lognorcal fit was

marginal and the T could have been set to zero; however, the Krige m~t~)o~

is fairly insensitive to T as illustrated b::exanple,3s at?d2s our

tests have also shok-n.

The computer computational codes ~’eretested ~ith artificial log-

normal samples. A 105 term approximation42 generated by z rectangular

distributed psuedo-rznclo~generator produced t!]es~ar:ifical sanples.

Testing samples numbers ranged fror 4 to 255.
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Soil radionuclide concentration log-probability plots were con-

structed for 90Sr, 137c~, 239+240PU, and 241~ at profile depths 0-15

15-25 cm, 25-40 cm, and 40-60 cm using concentrations in pCi/gm. We

cm,

examined the islands of Enjebi (Janet) and its four quadrants, Mijikadrek

(Kate), Kidrinen (Lucy), Bokenelap (Mary), Elle (Nancy), Aej (Olive),

Aomon (Sally), Bijire (Tilda) Lojwa (Ursula), Alembel (Vera), and Billae

(Wilma). We evaluated 90Sr and 137CS concentrations in coconut meat
>

and fluid, and papaya meat fron Eneu Island (Bikini Atoll) usin~ the sazae

soil computational algorithms.

Our analyses showed the lognorraalprobability density assmption to

be correct for data sets hzving a majority of concentration above tl]e

MDA . The aritl~~eticmean is 2.nadequate estir.atorcompared to the mini-

mum variance estiroator,particularly when the coefficient of variance is

less than tvo--this includes 95 percent of the analyzed data sets. More

inportan~ly, this method evaluates the proportion of rieasurementsless

than the mean, ~, and 3X (Tables 45-47). The analyzed soil and food data

3Y values includes an zvcragc of _95 + 3,5S~of the sanplt (ran~c 68-100

percent) measurements. These T and 37 concentrations are ti~enused to

estimate doses that include a kno~m fraction of possible measurements;

for T, more than 64 percent of the neasurenents Zre included; and for 3X,

95 percent arc included.

Calculations for Alternate Dietary and Time Variations

There is always an interest in developing dose estina~es for livin;

patterns, and option Kit}jinliving patterns, which are not developed in

the paper. An enormous number of op~ioas could be synthesized and it is
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of course impossible to include them all in a paper. We have developed ,,.:

“:2 ,q,>{
~‘.>

those that we feel are most reasonable and most probable, However, we
1~-
.. .;j./,+ ;

~~(f’ ;,

ha~’eincluded in appendices the data necessary to develop the predicted k

doses for other variations. By proper use of the appendices one can

calculate the external gamma inhalation and dietary coconut contribution

for any period of time, for any island, and for any fraction of the diet

that one chooses.
>

Appeadix B lists the-annual gamma exposure in mre~ per year and the

cumulative or integral dose in rem for 1 through 70 y for each island.

Therefore, once a time distribution on various islands has been

established, the external dose can be computed from the data given in

Appendix B.

Appendix E lists the doses to the lung and bone due to 239+240Pu

and 241kn as a result of inhalation when 100 percent of a person’s tirll?

is spent on the listed island. The doses are bzsec!upon the inhal~tion

pzthway model described in the text. Once a~aln, when a time distribu-

tion on various islands has been establisbea, the corresponding lung az$

bone doses for both dose rates and integ~el doses, can be calculated fron

the data given in Appendix E.

Appendix F lists the wholebody azd bone mzrrox annual dose rates and

integral doses for normal and fa~ine conditions that result fror.the

entire coconut intake from the listed island after ti~efirst 8 y; for ti]e

first 8 y, the coconut intake is fro= the southern islands. The dietary

intake of coconut czn bc prorated among various islands in any fashion

desired and the resulting doses can be tabulated; the total dose

resulting from any scenario can then be determined. The doses are, of

-43-
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course, based upon the coconut intake listed for the famine and normal < i- ~, ~,,~
..<4? -, .,: i,’:,

diets in Table 3.
. ..

Doses for other intakes can be determined by ratioing
.’.

<Q,.’
.-’.:,J

“’-k:~-

the intakes and multiplying by the doses listed in Appendix F. i

We listed this information only for.coconut because it is the only

terrestrial food product likely to be consumed fron islands other than

the residence island. The three islands or complexes evaluated in this

report as residence islands--i.e. , Enjebi (Janet), Aomon (Sally), Bijire
>

(Tilda), and the southern-islands Japtan (David), ?4edren (Elmer) and

Enewetak (Fred) are the only land masses large enough to sustain a

residence of a significant population. Therefore, the dose tables

“presented in the text are based on the assumption that the rest of the

subsistence crops are derived from the identified residence island.

Appendix G contains the average island radionuclide concentration

for soil profiles collected orIan island; the results are listed for

depths of 0-15 cm, O-25 cm, 0-40 cm, and 0-60 cm. These data, in

conjunction ~:iththe concentration ratios, are the basis for developing

the rationuclide concentrations in food products in the terrestrial food

chain. In addition, the datz car,be used to make relative comparisons Oi

. ,—

islands at the atoll,
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Discussion;

The doses presented in this assessment are calculated assuming that for

northern living patterns the coconut, breadfruit and Pandanus fruit will

come from the southern islands for the first 8 years. At the end of 8 years

these subsistence crops should be available from initial plantings made on

the residence island at the time of return.
>

The diet used to dete~nine the daily intake of radionuclides is the most

direct data a~’ailableon the current dietary habits of the Enewetak people

(see tables 17-24 and appendix 7). The diet is of course very important in

predicting doses to a population because the dose will scale directly vith

dietary intake. We have mentioned in pre~’iousassessrlentsthe importance of

the diet and the uncertainty which was inherent in previously constructed

dietary patterns (1,7,21). For tilefirst tine we have direct input froc a

significant number (144) of the Ene”.~etakpopule:ion as a function of age and

of dietary conditions. The “norr,.alcoilditior,”in this report refers to tk,e

usual and expected living conditions in whicl~the preferred inported foods

are available. The “famine condition” is tilesituation vl~ichoccurs

ocassionally even today when imported foods arc in short supply 01’ absent

from the diet and there is nearly a total dependence upon locally gro~n

subsistence crops. It is still emphasized th:t an acccratc picture of t~,~

diet, especially as it reflects on the consumption of locally grokm

foodstuffs, is extre~~ly important in the dose predictions for resettlement

options at the atoll.

The transuranic doses from inhalation an< ingestioa are based on an

extrapolation of the 241Pu/2&~b ratio obstrved on Enjebi (Janet) Island

-45-
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to the entire atoll. The 241Pu data for each island to make these I’ ,~...,~ \ ‘n =
t& :!t.”, !’,aj:

calcu12tioas are not yet available and the doses from their source will b; - ‘.~ti~ ~j

refined at a later date. We know their ratio will vary at some of the

241Am is however insignificantislands. The results of this increase in

in the overall dose picture for sometime into the future.

Ingestion doses fron 60Co are negligible and therefore do not appear

in any of the tables. Usually we can not detect 60c0 in vegetation

.
samples. It is observed at low-concentrations in soil samples but

incorporation in plants is such that concentrations rarely exceed the

detection licit.

Doses from 90Sr and ~37Cs via the inhalation path~’2yare very s~ell

and are therefore not listed

inhalation of ~37Cs anti905r

Appendix E for comp~rison to

Uncertainty in the final

three sources of input data:

in the dose tables. An exanple calculation for

for Enjebi (Janet) Island is listed in

inhalation doses fron other radionuciides.

dose values can result frou the uncertainty in

(1) the rac!ionuclideconcentration in food,

(2) the dietary intake, and (3) the biolo~icai parameters such as

radionuclide turnover times in the body and fractional deposition in variaes

organs .

The distribution of radionuclide concentration data was discussed in the

results and sho~-nin figures 4 through 10. The dis:ributic:]is lognorma~

and the use of the arithmetic mean, ~, -./
includes some 6>/.of tne populst~o:;

two times X includes 862 of the population and 3 X includes better than

95%’. The number of plants in the population viLk, a concentratiorithree

times the mean value is less thz::52 of the totai. Therefore, the

probability of a person finding his entire diet for 1, 5, 10 or 30 years
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from food crops with a concentration of three times the mean value is very , -

<
.-,,
:.-;;,-..”“ “

small. Soil concentration data are also lognormally distributed with
4 ;-”’ “;

6
similar percentages accounted for by x.,2 ~, and 3 ~ and re-enforce those 4:,’ ~::,

<.;,.-;,;~+

data observed in coconut meat and milk; concentrations in plants should,
4?’

overall, reflect the concentration in soil.

The observed lognormal distribution of radionuclide concentrations in

soils and plants at the atolls is consistent with most elemental
;

distributions in nature. “ Also the observation that 3 times the mean vslue

includes more than 957.of the population distribution is consistent with

other observations several of which have recently been s~arized by Cudditiy

‘et al (43).

Strontium-90 concentration distributions in bone have been specifically

addressed by Kulp and Schulert (44). They found that 90Sr from fallou~

was distributed lognormally and tha: the 98Ltipercentile value was 2.3 tirz.cs

the mean value. Maxinum v.sluesobserved for 90Sr in bone by Bennett were

3 times the mean; most of the data fell below 3 tines the mean (16,19).

These data also reflect the combined variability of the 90Sr con~er,tr2ti02

in food products and the variability in dietary intake.

The range of values obser~’edfor the retention of 137Cs in humans k,.zs

been summarized in ICRP 10 and 10A (24,25) and t~CRD52 (26). For exanple,

the range of observed values for the retcntioc time fcr t}l~short terri

compartment is 0.5 to 2.1 day with a mean of 1.0 day; the upper limit ~fl~~

has been observed is only a factor of 2, greater tl~anthe mean value. For

the long term compartment the aata range from 60 to 165 wittla mean value of

115 days; the maximum value in this case is less than twice the mean ~’aiue.

The fraction of the intake which has been observed to go to the short tem
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(i.e. 1 day) compartment ranges from 0.02 to 0.22 with a mean of 0.15; for
“l”~A\

the long term (i.e. 115 day) compartment the range is 0.78 to 0.97 with a
‘~; :/”;

mean value of 0.85. For both cases the maximum value is less than a factor
,-

of two greater than the mean.

The 137CS gausriaexposure data which is listed in table 2 shows that

the maximum exposure rate observed at an isolated point on the

most islands less than a factor of three greater than the mean

many cases the maximum oberved value is only 2 times the mean

island is for

volume. In

value. The

60CO data is ❑ ore variable but it also accounts for a small portion of the

external dose over 30 years.

Previous evaluations indicate that dietary intake in a population is

lognormally distributed. This would

more than 50% of the population, k’e

the Ujelang Dietary Survey to see if

of course mean that x would include

are currently evaluating the data in

the distribution is lo&nor~al and if SC’

what fraction of the population would be included at two or tllrectines tl]c

mean value.

In an overall evaluation of the distribution of all of the input dat=,

three times the r,eanvalue includes more ’than 952 of the pop.~latio~l;in sor.c

cases the maxir,unobserved values were never as great as 3 X and closer to

like 2 Y. Assuming the variables to be independent and tl~uscombinin~ in a

linear fashion the low probability associated ~,ithv21ucs equal

exceeding 3 X for each of these input parameters, would lead to

small probability of all such events occurring for one person.

to or

an extrer.ely

In summary, the use of the mean value Y for estimating the dose to

people resettlin& at Enewetak Atoll provides dose estimstes w])ichincludes

more than half the population. Until a more thorou~t,analysis can be

-48-
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performed on the distribution of final doses the above discussion abofitt i’:’.i’~~

.... .~.

4,:% ,+
uncertainty in the input parameters would indicate that a reasonable ~’~;wzl’(+,

w;+~$,),:.
estimate of the potential maximum dose would be three times the dose listed ~,’

in the tables. This dose would be expected to occur in a very small

fraction of the population.

A significant feature of’the dose analysis is the tremendous reduction

in potential dose to Enjebi (Janet) residents if coconuts from Enjebi
>

(Janet) are removed from-the diet and replaced by coconuts from Southern

Islands. For this option, maximum annual dose rates for a “maximun

individual” are less by nearly a factor 3 than when coconut ca~e fro= Enje%i

(Janet) Island (tables 29, 30 and 36). Again this emphasizes how importaz:

the diet is in estinatin~ doses at the atoll and the importance of imported

foods in reducing potential doses.

The two scenarios used for esticzting the dose to chiidr.enare for

Enjebi (Janet) Island livin& pattern because it ]eatisto the highest dose of

all the living patterns evaluated. The doses for the czse where the ci-,ild

is born at the tire the people return are greater than for the case L’here

the child is born 8 years after return. “In addition the r.aximurdose cast

from birth through seventy years leads to estimsted doses which arc less

than those predicted for adults, livin& on Enjebi (Janet) Island. Thefore,

the doses predicted for adults for other living patterns could bc used as a

conservative es:imats for the birth through 70 year dose,

Ackno-~ledgment: It is a pleasure to than~.Dr. John Tiptoa of EGLG for his

written contribution describin~ the in-situ gznz~zmeasurement and

calibration methodology.
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Table 27.

Atoll

Utcrikz

Bikinib

Rongelapa

TOTAL

Body h’eightsof Marshallese Adult Males in Kg

.

Nuzber x s M/ti }~~i;

5 69.0 12.9 59.5 -’:.7Y

18 71,9 12.4 50.0 100.5

22 61.2a 9.2 46.4 66.8

49 66.6 6.4 46.L 10:.5

ak, Twency_ye2r ~evicx of ;;ediczl Finc!inE~
in a Harshcllese Population

AcciderltallyExposed to Radioactive Fallout, Erookl:aven!~aL.Lab., ~pto~~
New ‘fork,B1i-50424 (1975).

bH. Greenhouse, 13rookhaven!;zt.Lab., pii”~~atecomnur,ication(Jun~l 1?79).
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Table 28.
,,

Average Daily Calcium Intake for
-.,)i,, :

tl~eMarshallese Female Di&~’L
for Normal Conditions

mg Ca

Food per 100 ga

Fish 20

Meat 12

Breadfruit
;

22

“ Pandanus 10

Banana 7

Lobster 45

Milk 120

Coconut ❑ eat 10

Coconut fluid 30

Bread 23

Rice 10

Carbonated Drinl: 8b

Canned Juices 8b

Clams 100

Crabs 45

Potatoes 10

Eggs 55

Pancakes 215

Intake,

g per day

187

168

27

9.2

0.02

5.1

274

63

142

102

234

336’

306

8.9

3.1

127

11

60

mg Ca

per day

37

20

5.9

0.92

0.001

2.3

328

63

43

23

23

27

25

8.9

1.4

13

6.1

129

Total 700 mg/tizy

aJ.R.C. Buchanan, A guide to Pacific Island Diet,zries,South Pacific Board
of Health, Sava, Fiji (19<7).

bJ.A.T. Bennington, Dietary Nutrient Guide, Avi Publishing Co.j Westport,
Corm. (1976).
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Table 29.

normal and

Location

famine dietary conditions.

Type
of

Diet

Engebi (Janet) Normal

“.Faaiine

Engebi (Janet)
Northeast Quadrant Normal

Famine

Engebi (Janet)
Southeast Quz6ra~t l;orria 1

FaEine

En8ebi (Janet)
South.:cstQu.zdranL }:ormal

Fa~ine

Engebi (Janet)
Northwes~ Quadrant l;orm21

Famine

tiorti121

Famine

Aomon (Sally)

Pathk’ay
Orgafr Ingestion

Bone Marrox
Wholebody

Bone Marro~’
Wholebody

Bone }iarrow
Wnolebody

Bone Harrow

h7Jolebody

Bone Harrow
Wnolebody

Bone H;t-row
Wholebody

Bone !jzrrcw
h’holebociy

Bone };iirro~

Wholebody

Bone Harrox
Wholebody

Bone Narrow
Wholebody

192.7
175.7

445.6
396.1

187.9
166.8

436.7L
360.6

1L5.3
135.6

337.7
304.8

128.5
116.6

302.1
262

260.7
239.3

604.1
564.9

37.19
32.18

85.47
7~.gg

External
Gamma

55.72

57.63

55.72
57.63

57.06
59.18

57.06
59,1s

47.6?
49.33

47.8.2
49.33

50.56
5-).33

50.56
52.33

6L.LI
65,5S

6L.41
64.hl

12.32
12.76

12.32
12.76

Total

250
235

500
455

2L>
239

495
440

190
1E5

385
335

180
170

355

315

3’)5

305

670
613

50
45

9&
86

Year of
}laxi~um
Dase

10

9

10
9

10
‘3

10
L

G

G

10

9

5

9

10
c,

10
(:/

10
10

ib
(J/

10
9



.—

Table 29 Continued

Location

Bijire (Tilda)

Southern Islands

Engebi (Janet)
Island/Nortncrn
Islandsa

Engebi (Janet)
Island/Southern
Is~andsb

Aomon (Sell>)
Islznd/l<ortherz
Islands~

Type
of

Diet

Norma1

Fa~ine

:

liormi

Fa~ine

Normzl

Famine

Normal

F.zmine

Norna]

Famiine

Organ Ingestion
Pathway Year of

Bone Narrow
hrnolebody

Bone Narrox
Wholebody

32.50”
30.28

76.62
68.57

2.520
1,929

6.639
4,62J~

180.2
163.4

418.3

371.5

35.76
23.52

106.3
61.11

37.E>
33.!)5

86.95
74.79

External Maximm
Gamma

13.24
13,24

12.79
13.24

1,228

l.z~l

1.135
1.281

50.12’
51.66

50.12

50.12

4?.14
49.14

65,95
49.14

13.86
lL.L,]

13.85
14.41

Total

46
44

89
fJ~

3.7
3.?

7.8
5.9

23[1
215

470
4~5

65
73

150
lIL

52
47

101
~g

aTen percent of the coconu[ intal;e IS fror,the Nortncrn Isianos

bAll of the coconu: intske is fror,the souti,c~nIslands

&,m..- 5oHlb4’

Dose

9

9

10
9

3
2

5
~

10
9

16
10

cl/
9

il
~

10
c>.

10
9



Table 29 Continued

Location

Bijire (Tilda)
Island/liorthern
Islandsa

Southern
Islands/Iiorthern
Islands

Engebi (Jane~)

Birth ttirou~h
70 yc

Engebi (Jane:)
Birth ttlrcu~j,
70 ~d

Type
of

Diet

Norma1

~Famine

Normal

Famine

Normzi

Famine

Normal

Fa~inc

aTen percent oi the coconut

. ~
Pathway Yezr “o~”

Organ Ingestion External ~a~i~~~

Gama Total Dose

Bone Marrow
h~olebody

Bone }!arrow
Wl)olebody

33.56
31.32

78.98
70.85

5.47
4.62

Bone Narrow 13.1
Wholebociy 10.5

Bane }!at-row 155.5
Wholebody 136.7

Bone }la~row 365.1
Wholebody 30&.5

BOne Hzrrow 112.8
h%oleboiy 90.70

Bone Harrow 3G3.L
hrholeboc!y 25L,6

14,~2

14.22

13.72
14.22

%

3.71
3.71

3.71
3.71

40,43
40.43

40.43
40.43

57.63
57.63

33.03
33.03

48
46

93
85

9.2
8.3

17
]4

195
lEO

405
350

170
1

21
~i

cIt is assumed that the child is born at the time of return anc lives l.i~
entire lifespan on Enjebi (Janet) Islaao

dcIt is ~ssumed that t’n~Child is born a: the LiCIeOf ret Urn and liVeS ]Ii$.

entire lifespan on Enjebi (Janet) Isisnd

50 Hlb5



Table 30. 30 and 50 year integral doses in rem for adult females under normal and

famine dietary condi~ions for the Engebi (Janet) Island living pattern.

30 yecr In:e:rai Losej Rec. 50 year integral Dose, Rem
Pathway hholebody
Nucl;de Normal

Ingestion

137CS
3.4

‘OSr

239+240PU

241h

241
Pu (241Ara) -

External Gamma

137~s + ‘%* ,.5

Inhalation

239+240PU

241b

241
Pu (2%3) -

TOTAL 4.9

Famine

.

7.6

1.5

9.1

Bone Narrow h%olebody
Norma1

3.4

0.42

0.0032

0.0045

010021

1.5

Far.ine Normal

7.6 5.2

1.2

0.013 -

0.017 -

0.0377 -

1.5 2.0

Famine

12

2.0

0.0]4 0.014 -

5.5 11 7.2 14

Norma 1

5.2

0.66

0.00s7

0.012

0.007s

2.0

Famine

12

2

0.034

0.0<6

0.029

2.0

0.2i 0.’21

0!11 0.11

0.050 0.050

8,3 16

,,

.—.,



Table 31. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conciitionsfor the Northeast Quadrant of EnGebi (Janet)
Island living pattern.

30 year Integral DCISC,Rem
Pathway Wholebody . hone ilarrow
- Nuclide Normal Famin”e. Normal

Ingestion

137C5
3.3 7.3 3.3

.90
sr 0.48

239+240Pu _
0.0031

241h 0.0045

241PU (241Am) - 0.0021

External Gacuna

137C5 +%0 ,.’j ,,5 ,.5

Inhalation

239+240PU
0.0G3

241M
0.036

241PU (241Am) - 0.012

TOTAL 4.8 8.8 5.4

Famine

7.3

1.4

0.013

0.017

0.0077

1.5

0.063

0.036

0.012

11

Normal Fs=ine Norma1

5 11 5

0.75

0.00s5

0.012

0.007s

2.0 2.0 2.0

0.19

0.05’7

0.043

7.2 13 8.1

Famine

11

2.3

0.03:,

().0:()

o,Q’J~

2.0

~,lg

0.G>7

0.043

15

!H)ll’wid



Table 32. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Southeast Quadrant of Engebi (Janet)
Island living pattern.

30 year Integral Dose, Rem
Pathway Wlnolebody

.

Nuclide Normal Famine
Bone Marrow

Normal Famine

Ingestion

137C5
2.6

90~r

..

239+240Pu -

241h

241
Pu (241Am) -

External Gamma

137
Cs+%o ,.3

Inhalation

239+240
Pu -

241h

241PU ~241
Am) -

TOTAL 3.9

2.6

0.028

0.0030

0.0043

0.0019

1.3

0.10

0.059

0.019

4.4

5.9

0.82

0.012

0.017

0.0074

1.3

0.10

0.059

0.019

8,2

50 year Integral Dose: Rem
Wholebociy 150neHarrow

Normal Famine Norma1 Famine

4 9 4 9

0.44 1.3

0,0062 0.033

0.012 0!045

0.0073 0.02s

1.7

5.7

1.7 1.7 1.7

0.31 0.31

0.16 0.16

0.071 0.071

10 6.7 12

.
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Table 34. 30 and 50 year in&egral doses in rem for adult females under normal and
famine dietary conditions for the Northwest quadrant of Engebi (Janet)
Island living pattern.

30 year Integral Dose, Ren 50 ye~r Integral Dose, Rem
Pathway Wholebody Bone }Iarrow Wholebody Bone Marrow
Nuclide Normal

‘Ingestion

137cs
4.6

90~r

239+240PU

241b

.

241
Pu (241Am) -

External Gamnia

137~, +%0 ,.,

Inhalation

239+240
Pu -

241Am

241PU ~
24%) -

TOTAL 6.3

Famine Norma1
;

10 4,6

0.52

0.0034

0.0047

0.0022

1.7 1,7

0.011

0.034

O.Oli

11 7.0

Famine Normal Famine Normal

10 7

1.6

0.013 -

0.017 -

0.0076 -

1.7 2.3

0.011 -

0.034 -

0.011 -

13 9

16 7

().8?

0.0096

0.013

0.00!32

2.3 2.3

0.32

0.091

0.042

18 10

Famine

16

2.5

0.036

0.0:7

o,~qg

2.3

0.32

o.og~

0.0:2

21



Table 35. 30 and 50 year integral doses in rem for
famine dietary conditions for the Engebi
living patternt

30 year Integral Dose, Ren
Pathway Wholebody
Nuclide Normal Famine

Ingestion

137C5
3.2

90~r

239+240
Pu -

241h

241PU ~241
#m) -

External Gsn..a

137c. + %o ,.4

Inhalation

239+240
l?u -

241k

241PU (24%) -

TOTAL 4.6

.

7.1

1.4

8,5

Eone Marrow
Normal

3,2

0.42

0.0032

0.0045

0.0021

1.4

0.067

0.040

0!013

5.1

Fam~ne

7.1

1.2

0.013

0.017

0.007,6,

1.4

0.067

0.040

0.013

10

adult females under normal and
(Janet) Island/Northern Island

50 year Integral Doss, Ren
Ltnoiebody Bone Mzrrow

Normal Famine Norm=1 Fanine

4.8 11 4.8 11

0.65 2.

0.0086 0.034

0.0012 0.046

0.0078 ovo~9°

1.8

—

6.6

1.8

12

1.8 1.6

0.20 oe~-J

0.011 0.011

0.047 0.047

7.6 15

5OH11O



Table 36. 30 and 50 year integral doses in rem for
famine dietary conditions for the Engebi
living pattern.

30 year InteGral Dose, Re~
Pathway Wr,olcbody Bone Marrov
Nuclide Normal Famine No.T,a1 Famine

Ingestion

137C5
0.54

90~r

239+240PU

241b

241 241h)
Pu(J-

Externsl Ga~,a

Inhalation

239+240PU

241b

241
Pu (2%) -

TOTAL 1.8

> -.

1.3 0,54

0.36

0.0029

0.0042

0.0016

1.3 1.3

0.061

0.036

0.012

2.6 2.3

1.3

1.1

0,012

0.016

0.0072

1.3

0.061

0.036

0.012

3.8

adult feuislesunder normal and

(Janet) Island/Southern Island

50 year Integral Dose, Rem
W/lolebody Bone };arrow

Normal Famine Norma1

0.77 1$9’ 0.77

0.57

0.0078

0.011

0.006!9

l.?

2.5

1.7

3.6

Fa~lnc

1.9<

1.8

0,044

0.037

0.027

1.7 1.7

0.18’ 0.18

0.09A 0.094

0.0:3 GO0.’,3

3.4 5.8

. . . . ,A f-i ,.!7

50 [1111



Table 37. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Aomon (Sally) Island living pattern.

30 year Integral Dose, Rem
Pathway Lrnolebody

Nuclide Norm=l

Ingestion

137CS 0.63

90;r

239+240PU

241
,Am

241PU (2%) -

External Gamiz

13?Cs + 60co 0.33

Inhalation

23g+240Pu -

241h

241PU (24%) -

TOTAL 0.99

Famine

;
.

1.4

0,33

1.5

Bone I’;arrow
,Norma1

0,63

0.013

0.003

0.0041

0.0018

0.33

0.020

0.0011

0.0036

0.87

Famine

1.4

0.32

0.12

0.016

0.0072

0.33

0.020

0.0011

0.0036

1.9

50 year Integral Dosej Rem
krnolebody

Norma1

0.95

0.44

1.4

Famine

2.2

0.44

Bone Harrow
Norma1

0.95

O.oqo

0.006

0.011

0.0068

Famine

2.2

0.51

0.033

0.044

0.027

0.44 0.44

0.059 0.059

0.036 0.030

0.0]3 0.013

2.7 1.8 3,4

—. -,, ,
-.-... .——.- -



Table 38. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Aomon (Sally) Island/Northern Islands
living pattern.

30 year Integral Dose, Rem
Pathway Wholebody Eone Harrow
Nuclide Normal

Ingestion

137c~
0.64

905r

239+240PU

241&

241
Pu (

241
Am) -

External Gamja

137~s + 60Co 0.36

Inhalation

239+240
Pu -

241pfi

241
P“(241Am) -

TOTAL 0.99

Famine .tiorma1

1,5 0.64

0.12

0.003

0.0041

0.0018

0.36 0.36

c),o~~

0.015

0.005

1.9 1.2

Fazine

1.5

0.31

0.012

0.016

0.0072

0.36

0.0:2

().015

0.005

2.3

50 year Integral Dosel Rcm
h%olebody Bone }iarrow

Normal Famine Normal

0.98 2.2 0.98

0.19

0.00s0

0.011

0.006&

0.4s 0.48 0.46

o,()~j

0.04

0.016

1.5 2.7 1.8

Famine

2.2

0.49

0.033

0.044

0,027

o.J18

0,065

0.04

0.018

3.L

‘] 5011113



Table 39. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Bijire (Tilda) Island living pattern.

30 year Ir.tc~ralDose, Rem
Pathway Wholebody

Nuclide Normal

tigestion

137c~
0.59

90~r

239+240PU

241h

241
Pu (24%) -

External Garma

137
Cs + 60co 0.34

Inhalation

23g+240Pu -

241h

241PU (
241

Am) -

TOTAL 0.89

Fanine

.
.

1.3

0.34

1.7

Bone l,arrow
Nor&al Fzz.i~e

0.59

0.064

0.0029

0.0041

0.0016

CJ.34

0.01s

0.013

0.0042

0.99

1.3

0.20

0.012

0.016

0.0072

0.34

“0.01s

0.013

0.0042

1,?

50 year Integral DcseJ Rem
Wholebody

Normal Famine

0.9 2.0

0.46 0.45

1.L

Bone Marrow
Normal

0,9

0,099

0.0079

0.001i

0.0068

o.4b

Fatzine

2.0

0.31

0,032

0,043

0,027

0.46

0.053 0.053

0.025 G.G35

0.015 0.015

~.j 1.6 3

I

5oHml
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Table 40. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Bijire (Tilda) Island/Northern Islands
living pattern.

30 year Integral Dose, Rem
Pathway Wnolebody

Nuclide Norma1

Ingestion

137CS 0.61

90~r

239+240PU

241h

241
Pu (24%) -

External Gamma

137
Cs + 60co 0.37

Inhalation

239+240PU

241h

241
Pu (241b) -

TOTAL 0.99

Famine
;
.

1.4

0.37

—

1.8

Bone Marrow
Normal

0.61

0.065

0.003

0.0041

0.0018

0.37

0.022

0.015

0.005

l.l

Famine

1.4

0.20

0.012

0.016

0.0072

0.37

0.022

0.0i5

0.005

2.1

50 year Integral Dose> Rem
Wholebody

Normal Famine

0.93 2.1

0.5 0.5

1.5

Bone Marrow
Norma1

0.93

0.10

0.007?

0.0011

0,0068

0.5

Famine

2.1

0.31

0.033

0.043

0.027

0.5

0.065 0.065

0.04 0.04

0.018 0.018

2.6 1.7 3.1

5011115
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Table 41. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary conditions for the Southern Islands living pattern.

Pathuay
Nuclide

Ingestion

137c~

9osr

239+240
Pu

241b

30 year InteFral Dose, Rem
Wnolebody

Norma1

0.043

241PU ~
24%) -

External Ga~a

137~. + 60CO 0.026

Inhalation

239+240PU . —

241h

241PU (24%) -

TOTAL 0.069

Famine

>
.

0.10

0.026

0.12

Bone Harrow
Normal

0.043

0.019

0.0028

0.0037

0.0016

0.026

0.00060

0.00046

0.00015

Famine

0.10

0.059

0,012

0.015

0.0067

0.026

0,00050

0.00046

0.00015

0.10 0.22

50 year Inte~ral Dosej Rem
Wholebody

Normal

0.059

0.034

0.089

Famine

0.14

0.034

0.16

Bone Marrow
Normal

0.059

0.027

0.0075

0.0057

0.0059

0.034

0.0016

0.0012

().00C5L

0.17

Famine

0.14

0.086

0.032

0.041

0,025

0.034

0.00ifi

0.0012

0,00056

0.36

-------- -.. .



Table 42. 30 and 50 year integral doses in rem for adult females under normal and
famine dietary Conditions for the Southern Islands/Northern Islands
living pattern.

Pathway
Nuclide

Ingestion

137c5

90~r

239+240PU

241h

30 year Integral Dose, Rem
Wholebody

Normal

0.0S’9

241 241
Pu ( h) -

External Garfis

137Cs + ‘0co 0.096

Inhalation,

239+240PU

241h,

241
P“ (2%3) -

TOTAL 0.2

Famine

.-

0.23

0.096

0.33

Bone Marrow
Norr,a1 Famine

0.099

0.021

0.0028

0.0037

0.0016

ocog~

0.0060

0.0045

0.015

~,~j

0,23

0.066

0.012

0.015

0.0067

0.096

CJ.U06(J

0.0045

0.015

0,46

50 year Inte~ral Dosej Ren
Wnolebody

Normal Famine

0.15

0.13

0.28

0,33

0.13

0.46

Bone Marro\.’
Normal

0.15

0.031

0.0075

0.0097

0.0060

0.13

O.Oi&

0.012

0.056

0.32

Farlne

0.33

0.094

0.032

0.041

0.025

0.13

G.OIE

0,012

0.054

0.56

HHml .-. .—
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Table 43. 30 and 50 year integral doses in rem for
famine dietary conditions for the Enjebi
pattern.

30 year Integral Dose, Ren
Pathway Wnolebody Bone I.[arrow
Nuclide Normal Farcine Norm21 Famine

.Ingestion

13?
.Cs 2.7

‘Qr

239+240
Pu -

241h

241PU (241Am) -

External Gacma

137Cs+%o ,.J

Inhalation

239+240
I’ll -

241
Am

241
PIJ(

241 “
Am) -

TOTAL 4.2

;

5.9

1.5

7.4

*It is assumed that tne child

2.7

0.36

0.0028

0.0C!;7

0.0017

1.5

0.072+

0.042+

O.OIL+

4.7

5.9

1.1

0.0097

0.013

0,005?

1.5

0.072+

0.072+

0.072+

8.7

is born at the time of
entire life span on Engebi Island

‘Adult data used because no information is available

a child* under normal and
(Janet) Island living

50 year Integral Dosel Rem
Winolebody Bone Marrow

‘NOitD21 Famine NorCal

4.5

2.0

fJ.5

return

9.9

2.0

12

snd lives his

for childl-cn;tl}is

4.5

0.60

0400s1

0.011

0.09;2

2.0

0.21+

O.ll+

O.O>O+

7.5

probably overestimates the dose due to increased dictzry intake of the acu]l

Famine

9.9

1.8

o.o~g

0.038

o.o~~

2.0

0!21+

O.ll+

0.050+

14

501m8.--—. ---—.--T.......--- ---- --,- - .-.-.. -



Table 44. 30 and 50 year integral doses in rem for a child* under normal and
famine dietary conditions for the Engebi (Janet) Island living
pattern.

30 year Inte~ral Dose, Rem
Pathway Wholebody Bone Narrow
Nuclide Norma1 Famine Normal Famine

Ingestion

137C5
2.8

90~r

239+240PU

241h

241PU ( 24%) -

External Garzna

137 Cs + 60co ,.,

Inhalation.—

239+240
Pu -

241ti

241
Pu (

241
Am) -

TOTAL 4.0

;
.

6.3

).2

7.5

*It is assumed that the child

2.8

0,40

0.0029

0.0039

0.0018

1.2

0.072+

0.042+

0.014+

4.5

6.3

1.2

0,0059

0.013

0.0059

1.2

0.072+

0.042+

0.014+

8.9

is born 8 years after

50 year Integral Dose! Rem
hlholebody Eone h:arrow

Normal Famine Norma1

4.3

e

1.6

—

5.5

return and lives his

4.3

0.60

0,0082

0.01}

0.0072

1.6

o.~j+

O.ll+

o.05t

6,9

entire life span on Engebi Island

‘Adult data used because no information is available for children; this
probably overestimates the dose due to increased dietary intake of the adult

Fair.lne

9.6

1.8

0,02?

0.038

0.024 -

1.6

0,21+

O.ll+

0.059+

14
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Table 45. 2L1Am Soil Analysis for 0-15 cm. Soil concentrations less than the MDA are set to the MDA.

Sample No.

Engebi total 99
hT4 30
NE 2.{)

Sw 12
SE 27

Aej 12
Alembel 13
Aomon 3s
Bijire 15
Billae 5
Lojwa 1.5
\[ijilcaclrek 5
Kidrincn 7
Ellc 6
Bokenelob 1~

Arith
mcon x
pCi/g

4.6
.4.9

5.9
2.3
4.0

5.5
1.5
1.6
1./,

1.1
0.7
3.5
4.0

5.7
3.3

0.5
0.[,

O.b
0.6
0.3
O.b
0.6
0.5
~.f,

0.5
0.1

-0.8
0.9
0.0
u-o

r-test b

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.1
0.5
0.5
0.5
0.5
0.5

aSllift parameter pCi/g.

bAccept.antelevel r~n~~s: r c 0.05, .05~ r <

cQuantile of the Kri~c m position.

’99% pcrc~ntile Valtrrin pCi/g.

mm

Kripc’s method—.._ . Quantiles
?.

5.4

5.1
7.0
2.6
[,.3

7.6

1.7
1./}
~.[,

1.2
0.7
3.5
4.6

5.2
3.4

0.1, 0

s

10.3
5.8

13.1
4.2

5.6
20.0

l.?
1.8
1.6
1.2
0.2
~.(j

7.5
7.5
1.6

C.v. m

1.9 5.6
1.3 5.5
1.9 8.3
1.6 3.7
1.3 4.6

2.6 15.2
1.L 2.1
1.3 1.6
L.2 1.7
1-0 2.9
0.3 0.7
~.1~ 3.6
1.6 9.9
1.5 9.8
0.5 3.7

l<r<0.5, r<0.5.

s

12.2
8.7

22.7
15.1

7.4

168
4.1
2.7
3.7

27’-5
0.2
1.6

84.5
41.2

2.4

x%

69
73
71
69
78
70
74
71
71
56

54
74
70
59

3x 7$

93
93
92
91
93

90
93
95
93
89

100
100

89
94

100

99zd

pCi/g

50
40
83
/jl

34
218

16
IL
14
36

1.4

8.4
133

35
8.8

Maximum
sample 1

98
97
93
90
96
88
86
99
95
84
97
88
87
97
74
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Sample No.

Engebi total 99
w 30
NE 26
SW 12
SE 27

Aej 12
Alembel 13
Aomon 33
Bijire - 15
Billae 5
Lojwa 15
Mijikadrek 5
Kidrinen 7
Elle 6
Bokenelab [,

Arith
mean x

pCi/g

1s.5
24.4
19.6
10.6
1/,.6

8.8
2.9
3.2
3.6
1.1
1.2
6.5

1o-o
12.2

7.6

aShift parameter pCi/g.

bAcceptance level ranges: r

T3

-2.1
- 2.9
-17.2

0.0
- 2.5

0.()
0.0
0.1
0.6
0.0
0.0
0.0

-2150
1.7
5.2

~ 0.05, .

cQuantile of the Krige m position.

’99Z Percentile value in DCi/g.

Table 46. 137cs Soil Analysis for 0-15 cm.

r-testb

0.5
0.5
0.s
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Krige’s method—_ Quanti.les
Y.

18.6
~[~.7

19.5
?0.5
lL.7

9.9
3.0
3.3
3.7
1.1
1.2
7.0

10.()
13.0

?.6

s

18.0
27.6

13.2

9.5

10.9

15.2

2.6

4.4

3.4
0.9

0.7
7.0
5.6

18.7
2.9

05<r<cl.1,().l<r<

C.v. m s

1.0
1.1
0.7
0.9
0.7

1.5
0.9
L.4
0.9
0.8
0.6
1.0
0.6
1.4
0./,

19.0 19.0
26.1 32.5
19.8 14.1
11.6 13..3
15.1 12.1
12.9 33.5

3.3 3.5
3.5 5.5
[,.1 4.9
1.3 1.5
1.2 0.8

10.0 18.2
1O-U 6.2
25.1 134.3

9.4 12.5

0.5, r < 0.5.

992V3
~ %C 3x ZC pCi/g

64 ). 96

66 ‘ 94
56 98

64 94

61 97

71 90
65 94
70 93
65 94
61 93
(J1 90
63 89
50 100
70 88
65 96

92
154

64
64
59

130
17
25
23

7
4

80
24

320
50

Maximum
sample ;

100
98
96
92
93
89

92
97
96
87
95
76
89
89
86

~:. ...-

. . . ..
r ‘-
~, ..:.,.

r.. -

c’ ““-”~. -:,

“i;1
~.... ,..

b

I



Table 47 Radioanalysis of local foods for Bikini and Eneu Islands

Arith
mean X
pCi/g ~a

99%d Maximum
pCi/g sample %

KriGe’s method
r-test~’ X

Quantiles
Sample No. x% 3X %CC.v.

0.5

0.7

0.8

0.8

0.8

0.8

0.7

m

233

133

29

0.02

20

8.3

17

s

119

110

25

0.02

18

7.2

~~

s

108

95

21

0.02

15

6.1

12

Bikini Coconut
meat, 137c~ 8 233 -1.9 0.5

0.5

0.5

0.5

0.5

0.5

0.5

233

127

21

0.02

19

7.9

16

59 ,,100
.

63 98

63 98

63 97

589 89

Bikini Coconut
meat, & juice,
137CS 8 127 -113

23 -1.4

0.02 0.0

480

104

0.1

95

98

95

Eneu Coconut

meat , 13’CS 15

Encu Coconut

meat , 9osr 9

Eneu Coconut
meat, & juice,
137C5 16 1:) -1.4 64 97 76 97

8.0 -0.7

16 6.0

63 98

63 98

31

61

97

95
Eneu Papaya
137C5 7

aShift parameter pCi/g.

b.icccptance level ran~rs: r < 0,05, .05 <r < 0.1, 0.1 ~ r< 0.5, rcO.5.

cQu.:ntile CC the Krigc m position.

’992 percentile value in pCi/g.
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